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SUMMARY

This report was prepared with the objective of integrating pertinent

information regarding seat, console, and workplace design. Each of the
four sections is coauthored by research associates working under the di-

rection of the principal investigators. The four sections include:

Section A. An annotated bibliography about seating, console, and workplace
designs. Each relevant publication is summarized to reflect a cate-
gory, author, title, methodology, rationale, significant results,
conclusions, and recommendations.

Section B. Integration of the seat, console, and workplace design. The

detailed aspects of these components and their relationship to each
other in making up the workplace are discussed. The basic recom-
mendations about the seat, the console, and the workspace neededfor the operator are discussed.

Section C. A workplace-accommodated percentage evaluation model. A model
and preliminary results are presented to show the percentage excluded
from a seat/console design, given the percentage excluded based on
ii.'ividual dimensions. Cutoff percentage points are established to
ensure accommodation of approximately 90 percent of the potential
user population.

Section D. Reach profiles for -astrained and unrestrained males and fe-
males. Reach envelope data and new methodologies for collecting

data are presented, and are compared with pxisting reach data.
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SUMMARY

Section A is a bibliography, in an easily used format, of key anthro-
pometric characterist-ics involved i, the design and evaluation of seats,
consoles, and workplaces. It satisfies the urgent need to integrate and
update the literature.

Ninety-seven publications were read. Each publication was categor-
ized into six divisions: (1) anthropometry, (2) seat design, (3) console
design, (4) workplace design, (5) reach envelope, and (6) models.

Salient information from the 97 publications is summarized in table
A-1.
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INTRODUCTION

The areas of seating, console, and workplace design draw upon a number

of diverse fields. These fields include human factors/ergonomics, physical

anthropology and many others. Because of this, the literatire on workplace

design, as with any multi-disciplinary field, is scattered and frequently

unintegrated. Prior to this report, there have been few comprehensive and

integrated efforts at collecting and structuring the seating, console, and

workplace design literature in a usable format. An information file on the

principles involved in console and seat design is required since more engineers

and designers are called upon to apply such information ta the design and

redesign of both new and old systems. At this time, many of the references

being used for such purposes are, at best, out of date and do not take

advantage of new methods of data collection and analysis which have come

into being since their publication. Therefore, there is an urgent need

for an annotated bibliography on seat, console, and workplace design which

integrates and updates the literature in the area. The purpose of this

bibliography is to provide an overview of key anthropometric characteristics

involved In the design and evaluation of seats, console, and workplaces

in an easily used format.

METHOD

The basic approach taken in the initial phase of the literature search

was two-fold. First, key publications by well-known authors in the field of

anthropometry were ebstractee and scanned for other salient references. These

publications included reviews by Ayoub (1971), Kroemer (1971), Murrell (1965),

Roebuck, Kroemer, and Thomson (1975), and Hertzberg ()974). Second, a

computerized literature search utilizing two major data bases (i.e., National

Technical Information Service NTIS and Compendex) was performed. After

references were located they were categorized as follows: (1) Anthropometry,

A-4
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(2) Seat Design, (3) Console Design, (4) Workplace Design, (5) Reach Envelope, and

(6) Models. Table A-I includes a summary of the publications, which were annotated

into the six previously described categories. This table is provided as a

guide to the bibliography. Abstracts of relevant information were performed

and included (1) Author, Title, and Citation, (2) Rationale, (3) Methodology,

Including sample size, population characteristics, clothing, man/hardware

relationship, procedure, apparatus, and other aspects of methud, (4) Signi-

ficant Results, (5) Conclusions/Recommendations, (6) Supplementary References,

and (7) Comments.

The abstracting consisted of reading the articl- in its entirety, choosing

salient information from the text and tables, and then summarizing the informa-

tion sometimes employing the author's own words.

DISCUSSION

The above-mentioned reviews provided the greatest number of relevant

references (approximately 90%) but the computerized literature search did

provide both (1) good coverage in disjoint areas and (2) a check to ensure

that no oversights had been made. The computerized literature search yielded

approximately a unique 10 per cent of the referen-es abstracted. The most

fruitful approach in searching this area of research appears to be scanning

key references and working backwardc from the reference sections of tnese

articles until duplication begins.

The results of this search are given in the annotated bibliography. An

integration, relative to workplace design, is found in Dannhaus and Bittner

(1976). This integration, in turn, was the basis of the Bittner, Dannhaus,

and Roth (1976) paper utilizing a Monte Carlo model approach to the accommodated

percentage excluded on a console/workplace design. Both papers used the

present annotated bibliography as an information base and background source

for their discussions.

A-5
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Table A-1. Summary of Surveyed Article;

Akerbiom, B. (1954)

Ayoub, M. M. (1971) x

Ayoub, M. M. (1973)

Barkia, D. (1961) x

Bittner, Jr., A. C. (1974) x

Bittner, Jr., A. C. & Moroney, W. F. (1974) X

Branton, P. & Grayson, G. (1967) X

Bullock, M. 1. (1973) x

Bullock, M. 1. (1974) X

Burandt, U. & Grandjean, E. (1963) x

Chaffin, D. B., Schutz, R. K., &
Snyder, R. G;. (19 ) x x

Chidsey, K. D. & Shackel, B. (1966) x

Chidsey, K. D., Shackel, B., &
Shipley, P. (1966) X

Churchill, E., McConville, J. T., Laubach,

Croney, J. (1971) x x X

Damon, A. & Randall, F. E. (1944) X

Damon, A., Stoudt, H. W., & Mcrarland,
R. A. (1966) X xrDan1P'4, G. S. (1952) X
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TABLE I(Cont.)

I.I
Reference

SDarcus, H. D. & Weddell, A. G. m. (1947)

Dempster, W. T. (1955) X

Dempster, W. T., Gahel, W. C., & Felts,

W. J. L. (1959)X

Duncan, J. & Ferguso:, D. (1974) X

Ellis, D. S. (1951) X

Ely, J. H., Thomason, R. M., & Orlansky,
.J, (1956) x

Ferguson, 1). & Duncan, J. (1974)X

Floyd, W. F. & Roberts, D). F. (1958) x

Floyd, W. F. & Ward, J. S. (1967) x

Floyd, W. F. & Ward, J. S. (1969) X

Garner, J. (1936) x

Gifford, E. C., Provost, J. R., &
Lazo, J. (1964) x

Crandjean, E., Hunting, W., Wotzka, C,.,

& Scharer, R. (1973) x[Hawkins, F. (1974) x

Hertzberg, H. r. E. (1955) x

Hertzberg, H. T. E. (1960)

Hertzberg, H. T. E., Daniels, G. S., &

$Churchill, E. (1954) x

jHooron, F.. A. (1945) x
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TABLEI. (Cont.)

Reference

Jones, J. C. (1966) X

Hugh-Jones, P. (1947) X

Jones, J. C. (1960) X

Karvonen, M. J., Koskela, A., & Noro, L.

(1962) x

Keegan, J. J. (1953) x

Keegan, J. J. (1962) X

Kennedy, K. W. (1964) x

Kennedy, K. W. & Bates, Jr., C. (1965) X

Kirk, N. S., Wards, J. S., Asprey, E.,

-~Baker, E., & Peacock, B. (1969) x

Kocker, A. L. & Frey, A. (1932) X

Konz, S. A., Jeans, C. E., & Rathore,

R. S. (1969) 
x

Koskela, A. (1962) 
x

Kroemer, K. H. E. (1971) K X X

Kronmer, K. H. E., & Robinette, 3. C.

(1968, 1969) K

Kubokawa, C. & Woodson, W. (1969) X X x

Langdon, F. J. k1965) K X
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TABLE 1 (Cont.)

Reference

Laubach, L. . & Alexander, M. (1975) X

Le Carpentier, E. F. (1969) X

Less, M., Eickelberg, W. W. B., &
Palgi, S. (1973) X

Lewin, T. (1969) X- - - -

Lundervold, A. (1958) X X

McFarland, R. A., Damon, A., & Stoudt,

Jr., H. W. (1958) X X X

McFarland, R. A., Damon, A., Stoudt, H. W.,

Moseley, A. L., Dunlap, J. W., Hall,

W. A. (1953)X X

X .

McFarland, R. A., Dunlap, J. W., Hall,

W. A., & Moseley, A. L. (1953) X X

Mohr, G. C., Brinkley, J. W., Kazarian,

L.. E., & MIllard, W. W. (1969) X

Morant, 0. M. (1947) X

Morgan, C. T., Cook, J. S., Chapanis, A.,

& Lund, M. W. (1963) X X X

Moroney, W. F. (1971) X

Moruney, W. F., Kennedy, R. S., Gifford,

E. C., & Provost, J. R. (1971a) X

Moroney, W. F., Kenndey, R. S., Gifford,

E. C., & Provost, J. R. (1971b) X

Moroney, W. F. & Smith, M. j. (1972a) X

Moroney, W. F. & Smith, M. J. (1972b) ] X
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TABLE I (Cont.)

Reference

Morrison, J. F. (1965) X X X

Murrell, K. H. (1969) X

Nissley, H. R. (1949) X

Nissley, H. R. (1951) X

Nissley, H. R. (1952) X

Oshima, M., Fujimotor, T., Oguro, T.,
Tobimatsu, N., Mori, T., Tanaka, I., &

Watanabe, T. (1965) X

Oxford, W. F. (1969) X

Rice, E. V., & Ninow, E. H. (1973) X X

Ridder, C. A. (1959) X

Rosener, A. A. & Stephenson, M. L. (1974) X

Shackel, B. (1959) X

Shackel, B., Chidsey, K. D., & Shipley, P.

(1969) X

Siegel, A. I., & Brown, F. R. (1958) X

Slechta, R. F., Wade, E. A., Carter, W. K.,
& Forrest, J. (1957) X

Stoudt, H. W. (1973) x

Stoudt, H. W., Damon, A., McFarland, R. A.,

& Roberts, J. (1965) X

Snyder, R. C., Chaffin, D. B., &Schutz,

R. K. (1971) L
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TABLE 1 (Cont.)

y0

Reference

Van Cott, H. P. & Kinkade, R. G. (1972) x X X '

Wachsler, H. A. & Learner, D. B. (1971) x

Washburn, C. T. (1932) X

Weddell, G. & Darcus, H. D. (1947) X

White, R. M. & Churchill, E. (1971) X

Woodson, W. E., & Conover, D. W. (1964) X X X

Wotzka, C., Grandjean, F., Burandt, U.,

Kretzchmar, H., & Leonherd, T. (1969) x

Yllo, A. (1962) X
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CATEGORY: SEAT DESIGN

AUTHOR: Akerblom, B.

TITLE: Chairs and sitting.

CITATION: In Symposium on Human Factors in Equipment Desig (Edited by
W.F. Floyd and A.T. Welford) London: H.K. Lewis, p. 29-35, 1954.

RATIONALE: Reviews the design dimensions of chairs and then sets forth
recommendations for different dimensions of a chair.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) The thigh is ill-adapted for supporting even its own weight
on a seat, much less that of the upper part of the body. Con-
sequently, the chair must be constructed so that the weight of
the body is borne on the ischial tuberosities. The thigh
should be able to hang freely or only rest gently on the seat.

(2) The height of the seat should be 40 cm.
(3) The depth of the seat should be between 45-47 cm.
(4) The slope of the seat should be 5'-7* (backwards).
(5) The chair should be designed so that there may be changes in

the posture while sitting.
(6) The slope of the backrest should be about 1150 for ordinary

chairs.
(7) The lumbar convexity of the backrest should be 20 cm above the

seat. The lumbar support should begin at the top of the sacrum.
(8) Table height should be 68-70 cm.
(9) The distance between the seat of chair and the table top sheuld

be 30 cm.!4

. A-l?
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CATEGORY: SEAT DESIGN AND WORKPLACE DESIGN

AUTHOR: Ayoub, M.M.

TITLE: Posture in industry.

CITATION: Paper presented at Human Factorb Society Meeting, New York,
Oct. 19-21, 1971.

RATIONALE: The paper discusses the requirements of indust:ial seats,
the workspace for both the sitting and standing operator, and
ergonomic guidelines fox proper industrial posture. The recom-
mendations and guidelineb for seating, workspace, and posture are
a summary of the literature in this area. The workspace design
section is included in Ayoub (1973).

METHODOLOGY: N/A

SICNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) Seat pan - Although in some cases the profiles of seat pans
are desirable, generally, no shaping is recommended for
industrial or office chairs. One of the important fea-
tures of a good chair is that it permits changing pos-
ture with ease. A horizontal seat pan would cause the
sitter to be ejected from the seat if he leans against
the backrest. A slight rearward slope of the entire
seat pan of approximately 3*-5* is preferred. This causes
the sitter's trunk to tilt towards the backrest, and at
the same time prevent ejection of the sitter. If the seat
pan is slightly concave in the center, this concauity vill
help maintain the sitter in the middle of the seat, pre-
venting sliding. The seat pan should be upholstered. On
a hard seat surface, the trunk weight is transmitted
through che small areas to the seat, causing high pressure
points. This results in reduced blood flow leading to
numbness and pain. Soft upholstery is not recommended for
it makes it difficult to gain relief by adjusting the body.
The upholstery should be stiff and not give way any moze
than 1 inch. Such upholstery would not only reduce pres-
sure on the buttocks, but also permit change of posture.
The upholstery should afford ventilation for the sitter to
reduce sweating.

(2) Seat pan height - If seat height is properly adjusted, the
individual's sitting posture is characterized by lower
legs being vertical, the feet flat on the floor, and the

'thighs horizontal. The height of the seat should be
slightly less than the popliteal height. The height should
be approximately 18 in above the floor, but chair height
ohould be adjustable (16-20 in. above floor).

A-13
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(3) Backrest - The backrest should be approximately 3-6 in. above
the seat. This allows the pelvis to be moved back permit-
ting support of the lumbar spine by the backrest. If the
seat is to be used in operations where freedom of the
shoulders and the arms is necessary, then a small backrest
should be provided. The backrest should swivel to allow
for a better fit between the curvature of the spine and
the backrest.

Backrest dimensions - Approx. 13x7 in slightly
convex in profile

Backrest height - lower edge approx. 4 in above
the seat pan

Backrest swivel - +1? against vertical about a
horizontal axis

Backrest in-cut - 14-17 in. from front edge of seat
(4) Footrests - A good footrest offers a large surface to place the

feet. The footrest should be concave to accomodate the

normal movement of the feet.
(5) Armrests - Arm rests are often desirable. Usually one armrest

on one side will suffice. One arre~t on one side will
not interfere with getting into or out of the chair. Arm-
rests are also used on the work bench to support the e.bow.
and forearms; raised or lowered out of the way when not
in use.

(6) Swivel seats - A seat rotating about a pivot is often desirable
when the operator has to turn to perform his task such as
when L or U shaped work areas are used. Swivel chairs
should be able to be locked into position.

(7) Casters - Casters on industrial seats are usually discouraged.

A-14



CATEGORY: WORKPLACE DESIGN

AUTHOR: Ayoub, M.M.

TITLE: Work place design and posture.

CITATION: Human Factors, 1973, 15, 265-268.

RATIONALE: Inefficient operation, injury, and accidents, as well as
reduced output are influenced by the design of the workplace.
This paper presents a brief summary of some of the critical dimen-
sions in workplace design.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMIDATIONS:

Seated operator
Work Surface Height Males Females
(a) For fine work, exacting

visual tasks 39.0 - 41.5 in. 35.0 - 37.5 in.

(b) For precision work, mechan-ical assembly work 35.0 - 37.0 in. 32.5 - 34.5 in.

(c) For writing or light assem-

bly work 29.0 - 31.0 in. 27.5 - 29.5 in.

Typing activities lower than previous dimensions
by 2 to 3 in.

(d) For courae or medium manual
work (e.g., packaging) 27.0 - 28.5 in. 26 - 27.5 in.

Work Space
(a) Width: minimum 20 in. (leg room)
(b) Depth: 25 in.,if limited (leg room)
(c) Optimum work area should be approximately 100 square in., loca-

ted 4 in. fron edge of work surface
(d) Kate depth: minimum 12 in.(leg room)
(e) Footroom: minimum 10 in.(leg room)
(h) Work surface height: 26 in.minimum

Must have minimum room of 24 in.to clear knees.

Standing operator
Work Surface Height Males Females
(a) Fox precision work with sup-

ported elbows, the work sur-
face should be 2 in.above

elbow height 43 - 47 in. 40.5 - 44.5 in.
(b) For light assembly work, the

work sufface height should

be 4 in.below elbow height 39 - 43 in. 34.5 - 38.5 in.
(c) For heavy work, the work sur-

face height should be 8 in.

below elbow height 33.5 - 39.5 in. 31 - 37 in.

A-15



Work Space
',t Sufficient room should be allowed for knees and feet (e g.

6 in.).

Included in the paper are some general guidelines for working
postures.

[7 A- 16



CATEGORY: ANTHROPOMETRY AND SEAT DV'SIGN

AUTHOR: Barkla, D.

TITLE: The estimation of body measurements of British population in
relation to seat design.

CITATION: Ergonomics, 1961, 4, 123-132.

RATIONALE: It is generally agreed that the dimensions of the chair~should be in reasonable agreement with the dimensions of the per-

son sitting in it. Good fit alone may not ensure comfort, but bad
fit will almost certainly ensure discomfort. Few anthropomettic
surveys were British or were intended to provide data for design-
ers of seats, this paper estimated the measurements of young British
adults derived from the published material.

METHODOLOG _ N/A

SIGNIFICANT RESULTS: Estimated measurements, in inches, of the British
population between 18 and 40.

Males Females
Mean S.D. Mean S.D.

Stature 67.25 2.6 63.25 2.6
Sitting height 35.25 1.4 33.25 1.4
Shoulder-seat distance 23.00 1.2 21.25 1.2
Elbow-seat distance 8.75 1.1 8.0 1.1
Buttock-back of calf distance 18.75 1.0 18.25 1.0
Underside of thigh-floor height 16.50 0.8 15.50 0.8
Shoulder width 17.50 1.0 15.75 1.0
Elbow width 17.25 1.6 15.75 1.6
Buttock width 13.75 0.9 14.75 0.9

CONCLUSIONS/RECOMMENDATIONS:

(1) The paper concludes that natural postures are usually very dif-
ferent from the rigid ones most convenient for anthropometric
surveys.

(2) There are several dimensions of chairs that are not directly
governed by the dimensions specified in this paper (e.g., mini-
mum acceptable height and depth of seat, shape of arm-rests).

(3) On the other hand, some chair dimensions depend directly on
anthropometric measurements (i.e., maximum acceptable height
and depth of seat ard its minimum acceptable width).
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CATEGORY: SEAT DESIGN

AUTHOR: Barkla, D.M.

TITLE* Chair angles, duration of sitting and comfort ratings.

CITATION: Ergonomics, 1964, 7, 297-304.

RATIONALE: revious studies have not, attempted to measure the
subjective feelings of comfort in the sitters. The present study
was conducted to see whether the variation in the angles of a
chair would be reliably followed by changes in reports of comfort.
Secondly, the study was performed to see whether ratings of
comfort made after 30 minutes differed in any important way from
those made after 5 minutes.

METHODOLOGY:

SAMPLE SIZE: Forty-eight British male undergraduates were used.

POPULATION CHARACTERISTICS: The subjects ages were between 18 and
20, and their height (without shoes) ranged between 172 and
178 cm.

PROCEDURES: After sitting in a chair for either 5 or 30 minutes,
the S was shown a card bearing the following phrases:
The chair for reading.

(a) coulan't feel more satisfactory
(b) feels quite satisfactory

(c) feels fairly satisfactory
(d) feels only just satisfactory
(e) feels unsatisfactory Z
(f) feels acutely unsatisfactory
(g) couldn't feel more unsatisfactory

The design was in a fully counterbalanced order. Ss could
read magazines and smoke while sitting in the chair.

APPARATUS: The seat was flat and no'. shaped to fit body contour
(padded with 2.5 cm. thick high-density latex foam). The
back was padded by 13 mm. thick uncovered medium hardness
polyether foam.
The experimental chair could be independently varied in five
ways:

Angle between horizontal and main
back (18-55 cm. above seat) 1000 1150 1300

Angle between horizontal and lower
back (0-18 cm. above seat) 850 1000 1150

Angle between horizontal and seat 50 l0°  150
Seat height (at fr-n) 66 cm. 45 cm. 44 cm.
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Displacement of headrest forward
from the vertical center line
of the main back 0 5 cm. 10 cm.

The experimental chair had the following fixed dimensions:
Seat depth 44 cm.
Sent and back width (of.

separation of arms) 50 cm.
Radius of lateral curvature

of main back 80 cm.
Height of arms (above seat) 24 cm.
Separation of arms 46 cm.
Length of arms 40 cm.

SIGNIFICANT RESULTS: Successive ratings made by the same So showed no
order effects for So who sat in the chair for two 30 minute sessions.
Ratings made by Ss after 5 minutes of sitting were distorted by an
order effect.

CONCLUS IONS/RECONENDATION :
(1) Ratings made on a simple scale, after a 3-minute exposure
to the chairs, can discriminate reliably between assessments of
different settings of the experimental chair used in this study.
(2) Ratings on the same scale after a 5-minute exposure were
substantially less sensitive and less stable than 30-minute
exposures.

t
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CATEGORY: WORKPLACE DESIGN AND MODELING

AUTHOR: Bittner, A.C., Jr.

TITLE: Reduction in potential user population as the result of
imposed anthro, ometric limits: Monte Carlo Estimation.

CITATION: Point Mugu, California, Naval Missile Center, 1974.
(TP-74-6).

RATIONALE: Moroney and Smith (1972), using data from 1549 U.S. Navy
aviators, demonstrated that designing a workspace to accommo-
date individuals with anthropometric features within specified
percentile ranges (e.g., 5th to 95th) can result in a large pro-
portion of the user populations being excluded (i.e., 53% on 13
workspace related dimensions). This st,.dy ivvestigated the use
of a computer-based Monte Cr:1lo Model, based on the muicivariatenormal distribution, to estimate the same effects. Such a model
could be used to estimate proportions accommodated by a parti-
cular workspace design.

METHODOLOGY:

SAMPLE SIZE: Four hundred Monte Carlo model samples and 1549
aviators were used.

POPULATION CHARACTERISTICS: The Monte Carlo model used a cor-

relation matrix of a Navy pilot sample; the 1549 aviators repre-
sented a "random sample" Lf about 10% of the 1964 U.S. Navy
aviator population.

SIGNIFICANT RESULTS: The results of a computer based Monte Carlo
model were found to be in close agreement with empirical
(Moroney & Smith, 1972) results. Correlations between the
model and empirical cumulative percents excluded were r = .997
for 5th and 95th percentile screening limits and r = .990 'or
3rd and 98th percentile screening limits on 13 variables 1:n-
portant in workspace design.

CONCLUSIONS/RECOMMENDATIONS:

(1) The Monte Carlo estimation method is a fast, convenient and
accurate method fnr estimating accommodated percentages.

(2) It requires less storage than other computer based methods
required for exclusion studies of mire thr.r two dimensions.

(3) Monte Carlo estimation can be applied to data Aets which
are not well defined.

(4) The validity of the Monte Carlo estimation technique has
been demonstrated for estimating the acconmodateC p,;rcentage
of Navy Pilots as anthropometric -estrictions are applied.
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CATEGORY: WORKPLACE DESIGN

AUTHORS: Bittnir, A.C., Jr. & Horoney, W.F.

TITLE: The accommodated prnportion of a potential user population
Compilation and comparisons of methods for estimation.

CITATION: Proceedings of Htnan Factors Society, 18th Annual Meeting,
October 15-17, 1974. (Alto reprinted as Pacific Missile
Test Center, Point Mugu, Ca. Technical Memorandum TM -
75-46 on 30 Sept. 1975)

RATIONALE: This report catalogs, describes and compares methods for
calculating the proportion of potential users accommodated when
(workspace related) anthropometric restrictions are applied.
It is designed to be a user's quide to available methods.

METHODOLOGY:

OTHER: Methods found in a survey of the literature were cross-
classified as either (1) test fitting; (2) "modeling" or (3)
"limits estimation" techniques and as appropriate for either
bivariate or multivariate problems. Methods wers chen deecribed,
characterized as to nature, and compared as to requirements,
accuracy, limitations and advantages.

SIGNIFICANT RESULTS: The paper proviies a review of accommodated
percentage method up to 1974, and guidance in selecting appro-
priate techniques.

CONCLUSIONS/RECOMMENDATIONS:

(1) This paper concludes that considerations in selecting a
method for estimating the accommodated percentage are in
order (a) the level of the available data; (b) the number
of feature dimensions involved; and (c) the desired
accuracy.

(2) It also recommends the combining of a model of the dis-
tribution of potential users (e.g., Bittner, 1974) with
dynamic man models (e.g., Ryan, 1971; Kilpatrick, 1972)
so that dynamic studies of workspace design accommodated
percentage can be made.
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CATEGORY: CONSOLE DESIGN AND REACH ENVELOPE

AUTHOR: Bullock, M.I.

TITLE: Cockpit design -- Pilot Accommodation and accessibility to
controls.

CITATION: Aerospace Medicine, 1973, 44, 1295-1299.

RATIONALE: Any planned improvement to cockpit design must take ac-
count of the pilot's safe, secure, and adequate restraint, his
comfortable accommodation, and his accessibility to hand and
foot controls. A questionnaire was distributed to find out
the opinions of civilian pilots on the use ana adequacy of
restraint systems, of available seat adjustments, on cockpit
accommodation and on accessibility to controls.

METHODOL0Y:

SAMPLE SIZE: Three hundred and forty Brisbane male pilots were
chosen at random from lists of light aircraft license holders.
Sixty-seven Queensland female pilots were also used. A total
of 194 replies were received (48% return).

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) Although pilots using lap belts reported they used them
during the flight, up to 20% of these found that they had
to stretch unduly to reach the cowl flap control, the
stowed microphone, the rudder trim, and the fuel tank
selector.

(2) The majority of pilots considered that their seating ar-
rangements were comfortable, only 12% noting general die-
satisfaction. Only one-fifth of the pilots could adjust
their seats vertically.

(3) Quite a large proportion of pilots experienced some dis-
comfort in their cockpits, for 20% reported knocking
their knees on the _1no.rument panels, 16% had difficulty
fitting their thighs under the control yoke, and 33%
stated that they had inadvertently onerated controls
while entering or leaving the seat.

(4) Some other negative comments included: reaching some
controls was difficult because of their position; bend-
iig and reaching for some controls caused a reduction in
visibility; knees were frequently knocked on the control
wheel.
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CATEGORY: SEAT DESIGN

AUTHOR Branton, P.

TITLE: Behavior, body mechanics and discomfort.

CITATION: Ergonomics, 1969, 12, 316-327.

RATIONALE: This paper attempts to show that the behavioral study re-veals gaps in the conceptual framework on si.tting and seats and

suggests ways of bridging them. The major area of concern is
comfort and relaxation in sitting. The limiting conditions are
that the sitter's limbs perform little or no overt work and
that his pelvic complex and spine rest on the seat pan and back-
rest.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: Several authors have shown that the angulation
of the sacral plate varies with different individuals and that
sitters may rotate their pelvis in an endeavor to bring the
plane of the joint to the horizontal in order to reduce verti-
cal stress. This would explain why backward-slumped postures
and/or large seat-to-back angles (105" or more) are so often
preferred.

CONCLUSIONS/RECONMENDATIONS:

(1) It is unlikely that discomfort can be avoided by simply
matching each body dimension with the equivalent seat
dimension, as if the interface were static. What seems
to be critical is the relation of any one dimension with
the others and with expected sitting behavior. For in-
stance, the relation of seat depth to seat height depends
on the purposes of the seat.

(2) The provision of a moderate degree of surface roughness
would add usefully to the resistance against sliding

(3) Coverings and upholstery of the seat should not restrict(3 moverings and uh olsy o h etsoudntrsrc

the dissipation of perspiration moisture and heat at the
interface.
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CATEGORY: SEAT DESIGN

AUTHORS: Branton, P., & Grayson, G.

TITLE: An evaluation of train seats by observation of sitting behavior.

CITATION: Ergonomics, 1967, 10, 35-51.

RATIONALE: The present study stated that the seat was the sitter's
imediate environment and posed the question whether one seat
could "cause" people to sit more in one way than in another.

METHODOLOGY:

SAMPLE SIZE: Eighteen subjects were selected from the railway
office staff.

POPULATION CHARACTERISTICS: Ten males and 8 females ranging in
age from 26 to 60 and representing the ranges for height and
weight of the British population were selected.

PROCEDURES: Observers coded each posture. During the course
of the survey, 4879 observations were made on the London-
Edinburgh run. Subjects were also filmed and the subject's
sitting posture were also coded.

APPARATUS: Two types of seats made 'ap the acconmodation of six
carriages, three of which were compartmented, the other three

4 - being open carriages. Each of the seats had been manufactured
to standard specifications, and variations within each type were
insignificant. Both seats had the following dimensions:
(1) Seat height - 15.75 in.1 (2) Arm rest height - 8.25 in. above seat pan.

(3) Back rest angle - 1050
(4) Height of backrest - 3 ft. 5 in.
The internal differences were that Type I was a traditional,
sprung, and upholstered seat, while Type II had a glass rein-
forced plactic shell and urethane foam cushions of high density.
Type I gave a relatively "soft" subjective feel, whereas type
II appeared subjectively "firm".

SIGNIFICANT RESULTS: Taking both seats together, about 75 percent of
the observed passengers did not obtain support from the headrest,
about 18 percent did not use arm rests, and about 7 pirccnt did
not use the backrest. Sex differences were found to be marked
(e.g., males slumped in seats more t:ian females).

CONCLUSIONS/RECOMMENDATIONS: Types II and I represent a drastic con-
trast in design philosophy of "mod" versus "traditional." By
almost all counts Type II is much the better. It was found that
the domi-ant postures were maintained for longer periods of time
in II then in I, especially after the first hour of sitting. At
the same time passengers were on the average less fidgety in II
then in I. The tendency in If to adapt better postures increased
with sitting time.
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CATEGORY: REACH ENVELOPE

AUTHOR: Bullock, M. I.

TITLE:, The determination of functional arm reach boundaries for operating
of manual controls.

CITATION: Ergonomics, 197A, 17, 375-388.

RATIONALE: The investigation was initiated to define the functional arm
reach boundaries by 95 percent of male and by 95 percent of female
pilots and to indicate thcir accessibility to controls while firmly
restrained with lap and sash harness in cockpits of some present
light aircraft for planning of the manual workspace of automobiles
and aircraft cockpits.

METHODOLOGY

SAMPLE SIZE: Seventy five males and 35 females were used.

POPULATION CHARACTERISTICS: The subjects were Australian pilots
who were exactly representative of the height and weight distribu-

tions for the pilot population.

CLOTHING: Subjects wore short-sleeve shirts.

PROCEDURES: The physical measurements taken on each subject included
stature, weight, right and left shoulder height, blactomial breadth,
sitting eye height, knee height, popliteal height, chest depth,
abdominal depth, buttock-knee length, arm reach forward (both to
thumo and fingertip), and leg length. The subject was positioned and
seat adjustments were recorded for pilot comfort. Measurements were
taken on both arms on a series of 13 horizontal levels, 13 cm. apart
at angles of -15° , 00, 150, 300, 600, 900, and 1100 to the midline.

i Subjects were asked to push lighted buttons without sliding from be-

neath the shoulder strap trunk movements were verbally standardized
by the experimenter. Repeatability tests were given to check con-
sistency of measurements on 3 subjects.

APPARATUS: A rotating chair with an adjustable seat and backrest, a
control wheel, an adjustable footrest, a vertical measuring rod
suspended from a horizontal rail fixed above the seat reference point
(SRP), a lap and sash harness, and an automatic measuring system
were used. A control wheel was attached to the apparatus so that the
pilot could grasp it with one hand while the other was reaching
towards the arm measuring device. The control wheel was positioned
30 cm. above the SRP with anterior adjustability. The functional arm
reach measuring device included a vertical rod which moved along the
mid-saggital plane in the 00 position through the SRV, 150 cm.
anteriorly. There were 33 colored flat buttons (1.5 cm in diameter
from 30 cm. below to 126 cm. above SRP at 13 cm. intervals) along
the rod.
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SIGNIFICANT RESULTS: Measurements were given which indicated the distances
from the Seat Reference Vertical (SRV) to which 95 percent of the male

or the female populations could reach. A comparison of the maximum
distances which may be reached.by 95 percent of the male and by 95
percent of the female pilot population shows a fairly consistent
pattern of differences between the two. The size of the female reach
envelope was smaller in every direction. Correction factors were
given for change of grip, change in backrest angles and restraint
conditions.

CONCLUSIONS/RECOMMENDATIONS: The method set forth in this report is
satisfactory for accurate and rapid data collection. It is flexible
enough for the determination of the space envelopes relevant to the
accommodation and work area conditions within various other vehicles
and cockpits.
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CATEGORYi: SEAT DESIGN

AUTHORS: Burandt, U. & Grandjean, E.

TITLE: Sitting habits of office employees.

CITATION: Ergonomics, 1963, 6, 217-228.

RATIONALE: The study was conducted to see whether employees adjust
their postural habits to the critetia of comfort. The investi-
gation included the extent to which the orthopaedically based
recommendations actually correspond to the subjective feeling
of comfort.

METHODOLOGY:

SAMPLE SIZE: 378 Se (261 males and 117 females)/For comfort of
seat heights, the study used 48 males and 20 females.

POPULATION CHARACTERISTICS: clerical workers
Height unshod Males 172.8 cm. S.D.-9.02 Females 162.4 cm.~S.Do-14.08
Knee height shod Males 55.2 cm. S.D.-2.8 Females 52.9 cm.
S.D.-2.7

PROCEDURES: 246 So were observed in sitting postures 20 times
at intervals exceeding 2 minutes. Ss also filled out a question-
naire.

APPARATUS: For the comfort of seat heights, a fixed chair (Stoll
Giroflex, Model No. 1735 FK) was used. The distance between seat
and table top was 28 cm.

OTHER: The floor panel was raised and lowered at 2 cm. intervals.
Ss filled out a questionnaire indicating which height aejuatment
was most comfortable and the admissible lower and upper limits.

SIGNIFICANT RESULTS: The most frequent seat heights were between 26
to 30 cm. beneath the upper table edge (mean value = 28.5 cm.).
Comfort of the upper part of the body ic the determining factor
for the selection of the seat height. Fewer complaints were
given for the 78 cm. office table tha, other heights of table
size. Complaints in the thighs are caused mainly by shifting the
weight of the body to the thighs owing to job requirements, and
not so much by seat height. When bsckrests were used, adjustable
backrests were used more frequently than rigid ones.

CONCLUSIONS/RECOMMENDATIONS: The following recommendations were estab-
lished for office seats.
(1) Seat height adjustability should be between 40 and 53 cm. (for

office tables 78 cm. high between 45-53 cm., for office tables
70-74 cm. high between 40-48 cm.).

(2) Vertical adjustability of the backrest from seat level to lum-
bar support should be from 14-24 cm.
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(3) Adjustability of rest depth should be from 34 to 44 cn. (refer-
red to front edge of the seat).

(4) Depth of the seat should be between 35-40 cm.
(5) The necessary apace range between seat height and table top

should be 27-30 cm.
(6) Inclnion of seat pan in back should be 3.
(7) The backrest height should be 20 cm.

(8) The inclination of seat to backrest should be 100.(9) Foot rests heights should be adjustable up to 10 cm for 78 cm,

high office desk and 5 cm. for 72 cm. high office desks.

Akerbloom (1948) and Keegan (1962) recommended lower seat heights
because of undue pressure and discomfort in the thighs caused by
higher seats. Burandt and Grsndjean found that complaints in re-
spect to thights w-re not found to be above average for short
people, but for pirticular types of jobs, which demand a forward
inclined posture ,ith arms resting on a support. Consequently,
discomfort in thighs isnot due as much to chair seat height, as
to the type of or.cupation.
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CATEGORY: REACH ENVELOPE AND MODELS

AUTHORS: Chaffin, D. B., Schutz, R. K., and Snyder, R. G.

TITLE: A predictive model of human torso volitional mobility.

CITrATLON: SAE Transactions, 1972, 81, pt. 1, 24-38.

RATIONALE: The purpose of this study was to derive a set of models
which describe the configuration of the internal, torso-skeletal
system from data previoasiy collected utilizing photogramnetry
and radiography. These models utilized ten surface markers instead
of the traditional two or three solid links.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) The General Model gives predictability in the widest sense
not utilizing anthropometric variables.

(2) The Anthropometric Model utilizes six anthropometric variables;
stature, sitting height, chest circumference, biacromial
breadth, humeral length, and weight. Predictability variance
was 2.5 to 3.5 times greater than pure subject variance.
Variance not explained by the model is probably due to individ-
ual differences in muscular development, joint/ligamentous
structures, etc.

(3) The data used was 48 sitting positions with ten markers each
described in three-dimensional coordinates.

!!.'
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CATEGORY: SEAT DESIGN

AUTHOR(S): Chidsey, K.D. & Shackel, B.

TITLE: The need for the experimental approach in the assessment of
chair comfort.

CITATION: Paper presented at the Ergonomics Rerearch Society Annual
Conference, 1966. Abstract in Ergonomics, 1966, 9, 340.

RATIONALE: Three approaches could be adopted in selecting chairs

when considering comfort: (1) opinion, (2) interpretation based
on British Standard recommendations, and (3) evaluation experi-

ments. These three approaches were used by eight ergonomists to
see which were valid.

K METHODOLOGY:

SAMPLE SIZE: Eight Ergonomists from Britian used the three chair
selection methods.

PROCEDURES: Chairs were ranked by sitting in them, then relevant
information on the 10 chtirs with respect to B.S.I. revommenda-
tions and specifications were given the So. Finally the Ss could
both sit in the chairs and were given the dimensions of the chairs.

APPARATUS: Ten uprIght chairs were used.

SIGNIFICANT RESULTS: The results failed to support the validity of the
opinionative assessment or of the interpretation based on the 9.S.I.
reco iendations. The only valid approach was the experimental
method used by ergonomists.

CONCLUSIONS/RECOMENDATIONS: N/A
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CATEGORY: SEAT DESIGN

AUTHORS: Chidsey, K.D., Shackel, B., & Shipley, P.

TITLE: A comparative study of seat comfort with upright chairs.

CITATION: Paper presented at The Ergonomics Research Society, Annual
Conference, 1966. (Abstract in Ergonomics, 1966, 9, 339-340).

RATIONALE: The primary aim of this study was to compare a group of
similar chairs in terms of the comparative comfort they afforded
in several typical usage situations.

METHODOLOGY:

SAMPLE SIZE: Twenty subjects (10 males and 10 females) were used.

POPULATION CHARACTERISTICS: The subjects were selected to cover
as far as possible the normal population in body height and within
+1 S.D. of the mean weight for their height.

PROCEDURES: A questionnaire was developed embodying a general
comfort rating scale and ranking of body - area comfort. The
questionnaire was administered at suitable intervals during each
subject's trial. In addition, the activity sampling method of
observation was explored. Objective measurements were made of
the main dimensions of the chairs for comparison with the values
recommended in the most relevant British Standard. There were
three different studies under three conditions: (1) long-term
sitting in the laboratory, (2) in the office situation, and (3)
in the canteen situation.

APPARATUS: Ten chairs, five of which were polypropylene and five
others of equivalent price and type, were used.

SIGNIFICANT RESULTS: In the long-term sitting situation in the labora-
tory, there was a clear decrease in the comfort level ratings
with time, and three groups of chairs separated out.

CONCLUSIONS/RECON4 ATIONS: Cleat and significant separation of the
chairs into at least thL-e groups was found in each of three
test situations. The best and the worst chairs were consis-
tently the same for all three test situations and for all measure-
ment methods used.
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CATEGORY: ANTHROPOMETRY

AUTHOR(S): Churchill, E., McConville, J.T., Laubach, L.L. & White, R.M.

TITLE: Anthropometry of U.S. Arm Aviators - 1970

CITATION: Technical Report 72-52-CE, Natick, Massachusetts: U.S. Army
Natick Laboratories, Dec., 1971.

RATIONALE: This report describes an anthropometric survey of U.S. Army
avittors conducted at Ft. Rucker, Alabama in 1970. Data for 85
bod/ measurements were gathered on a sample of 1482 flying personnel.

METHODOLOGY

SAMPLE SIZE: 1482 males were Ss.

POPULATION CHARACTERISTICS- All Sa were involved in one way or
another with aircraft of the U.S. Army.

CLOTHING: Ss were nude, except for underwear.

PROCEDURES: Ss sat erect on a cushionless flat surface with
their feet on an adjustable foot rest so that the knees were flex-
ed to 900, and the long axes of the thighs were parallel. The
trunk was erect without stiffness; the head waa also erect with
the path of vision parallel with the plane of the floor.

APPARATUS: Apparatus includes:
Anthropometer, Siber flegner #101
Sliding Caliper, Siber Hegner #104
Spreading Caliper, Siber Hegner #103
Caliper Gauge, Siber Hegner #219
Steel Tapes, Lufkin
Lange Skinfold Caliper
Footboard and block
Headboard and block
Table measuring and wall measuring board.

SIGNIFICANT RESULTS:

Measurement Mean S.D.
Age 26.21 yrs. 5.51 yrs.
Weight 171.15 lbs. 23.84 lbs.
Stature 174.56 cm 6.33 cm
Shoulder height 143.06 cm 5.92 cm
Sitting height 90.92 cm 3.23 cm
Eye height (sitting) 78.80 cm 3.16 cm
Midshoulder height (sitting) 62.90 cm 2.77 cm
Elbow rest height (sitting) 23.10 cm 2.65 cm
Thigh clearance height

(sitting) 14.71 cm 1.41 cm
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Mesurement Mean S.D.
Knee height (sitting) 53.01 cm 2.57 cm
Popliteal height (sitting) 42.34 cm 2.47 cm
Shoulder-Elbow length 36.71 cm 1.78 cm
Elbow-finger tip lergth 48.14 cm 2.10 cr
Luttock-popliteal length 48.09 cm 2.59 cm
Buttock-knee length 60.19 cm 2.63 cm
Buttock-heel length 112.17 cm 4.99 cm
Fhmntional reach (standing) 79.34 cm 4.12 'm
Vertical arm reach (sitting) 143.48 cm 5.81 cm
Shoulder breadth 47.40 cm 2.56 cm
Forearm-forearm breadth 50.58 cv, 4.46 cm
Hip breadth (standing) 35.12 cm 2.13 cm
Hip breadth (sitting) 37.80 cm 2.72 cm

OONCLUSIOUS/RECOMMEN"TIONS: A comparison was drawn between the 1959
study by White and the present study. In tle 1959 study, 500
Army aviators were measured. Sitting height and eye height
(sitting) are slightly higher for the 1970 aviators. In summary,
the series of U.S. Army aviators of 1970 are 4 years younger,
about 5 lbs. heavier and .75 in,.h shorter than the aviators in
1959.
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CATEGORY: ANTHROPOMETRY, SEAT DESIGN, AND WORKPLACE DESIGN

AUTHOR: Croney, J.

TITLE: Anthropometrics for Designers.

CITATION: New York: Van Nostrand Reinhold Co., 3971.

RATIONALE: To be a successful designer of products for a part, or
the whole, of& himan environment, a designer must be conversant
with different types of human physique and be informed about the
limitations of human performance. This book provides an illustrated
account of man's dimensions and other physical date, and eefines
their limitations and comments on any peculiarities.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) Seat width: A comfortable width is 18 in. and nothing less
than 17 in. is tolerable for lengthy periods.

(2) Seat height: In general, if a seat is too high a person's
body will slide forward. On the other hand, if a seat is too
low the seated posture will assume a forward crouch. An ad-
justable seat height should range from 14.5 in. to 18.5 in.
for males, and from 14 In. to 17.5 in. for females. A reason-
able fixed seat height for males should be 16.5 in. but for
females 15.25 in.

(3) Seat depth: A suitable seat depth is 15 in. based on back
of knee to buttock measurement. The seat should not cut into
the back of the user's knee.

(4) Seat composition and shape: Anatomically it is the ischial
tuberosities that carry the body's weight in the seate posi-
tion. The seat surface needs to be Eoft, but the surface
must also exert a counter-pressure and not submit weakly to
the body's weight. A depr,:saion of 0.5 in. in a padded seat
is enough. Sculptured seat surfaces with slight depressions
carved to take the bony protuberances can only expect limited
Lse. A rounded seat front edge is good.

(5) Backrest: A slightly tilted backrest hels the user to settle
comfortably in a chair and prevente a gradual elide forward of
the body. The backrest angle dtpends on the type of activity
in which the operator is involved: 5-20* (for alert or attention
sitting); 20-30* (conference sitting, relaxed travell'ng posi-
tion); 45" (reclinir in comfort). The backrest should stpp -.
the lumbar region. It should be raised clear of the sacra. region.
The space between the seat pan 6nd backrest should be 6-7 in.
The height of lumbar support should be 4-6 in. for males and 8 in.
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for females. For working positions, the backrest should be
about 12-14 in. wide to give free space for elbows.

(6) Arm rests: Arm rests are used for arm leverage in working
positions and for getting in and out of a chair. A useful
listance between arm rests is 19 in. The arm rest height
should be 8 in. if fixed and 7.5 in. to 10.0 in. if adjust-
able.

(7) Foot rests: The angle between the lower leg and the base of

the foot should be 90* to 100". If the surface of the foot
rest pan is greater than 15* from the horizontal, a heel
stop should be provided.

(8) Workplace Design: The minimum height to accommodate knee
height is 25.5 in. The minimum sitting clearance from the
back of the seat to the accommodation of the feet is 4.6
in. The minimum clearance for the thigh from the seat pan
to underside of the ".srk uu:face is 9 in.
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CATEGORY: ANTHROPOMETRY

AUTHORS: Damon, A., & Randall, F. E.

TITLE: Physical anthropology in the Army Air Forces.

CITATION: American Journal of Physical Anthropology, 1944, 2, 293-316.

RATIONALE: The need for exact knowledge of human variations and dimensions
is even greater in aviation than in the older military and naval
arms, because of the paramount importance of space. Flyers must be
fitted into spaces which are initially kept to a structural minimum
by aircraft designers. This paper was a general overview of how
anthropometric measurements were used.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: This paper reviews how anthropometric data
was supplied for the location of seats and windows in cargo and

troop-carrying planes. In addition, the paper reviews how a new
seat back was designed based on the dimensions of the troops.
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CATEGORY: ANTROPOMETRY

AUTHOR: Daniels, G.S.

TITLE: The "average man"?

CITATION: Wright-Patterson Air Force Base, Ohio: Wright Air Dcvelopment
Center, Technical note WCRD 33-7, December, 1952.

RATIONALE: The "average man" is a very prominent figure. As a general
rule, he is used as an oversimplified means of describing the com-
bined characteristics of a varied population. This paper points
out and explains some of the factors that lead to difficulties
arising from the use of "average" dimensions.

METHODOLOGY:

SAMPLE SIZE: 4,063 subjects were used.

POPULATION CHARACTERISTICS: The subjects consisted of Air Force
flying personnel.

PROCEDURES: One hundred thirty-one measurements were taken on
over 4,000 subjects, but only a small number of these measurements
were selected for this study.

SIGNIFICANT RESULTS: In the attempt to find an "average man", the
"approximately average" ranges of each measurement were used as
hurdles in a step-by-step elimination. Out of the 4,063 men,
only 1,055 fell in the approximately average stature. Out of
these 1,055 men, only 302 were of approximately average chest
circumference. At the end of 10 steps there was not a single
individual remaining who fell within the "average" range of all
measurements. The 10 measurements and their means were as follows:

Measurement Mean S.D.
Stature 175,5 cm. 6.2 cm.
Chest Circumference 98.6 cm. 6.2 cm.
Sleeve Length 85.5 cm. 3.8 cm.
Crotch Height 83.4 cm. 4.4 cm.
Vertical Trunk Circumference 164.6 cm. 7.3 cm.
Hip Circumference (Sitting) 106.0 cm. 7.2 cm.
Neck Circumference 38.0 cm. 1.9 cm.
Waist Circumference 81.4 cm. 7.7 cm.
Thigh Circumference 56.9 cm. 4.4 cm,
Crotch Length 71.6 cm. 5.1 cm.

CONCLUSIONS/RECOMMENDATIONS: This study concludes that it is virtually
impossible to find an "average man" in the Air Force population.
This is not because of any unique traits of this group of men, but

because of the great variability of bodily dimensions which is
characteristic of all men.
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CATEGORY: ANTHROPOMETRY, SEAT DESIGN, AND WORKPLACE DESIGN

AUTHORS: Damon, A., Stoudt, H.W., & McFarland, R.A.

TITLE: The Human Body in Equipment Design.

CITATION: Cambridge, Massachusetts; Harvard University Press, 1966.

RATIONALE: The book guides the deeigner of equipment involving human
body size and mechanical capabilities. Specific recommendations
were presented for many major biomechanical features of man-ma-
chine integration, together with data and methods applicable to
the solution of other problems. Several anthropometric tables
were presented for both military and civilian populations.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

Recommendations for general seating dimensions:
(1) Seat height: 15-16 in.
(2) Seat length: 16-17 in.
(3) Seat breadth: (min.) 18 in.
(4) Backrest length: 18-20 in. (for shoulder support)

34 in. (for head support)
5-6 in. (for lumbar support; with bottom

edge 5 in. above the seat)
(5) Backrest breadth: (min.) 20 in.
(6) Seat angle: 6-7*
(7) Backrest angle: 115"
(8) Height of workepace: 29 in.

25.0-25.6 in. for typewriting desk

(9) Floor to underside of desk: 25 in.
(10) Armrest height: 8-10 in. above seat level
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CATEGORY: SEAT DESIGN

AUTHORS: Darcus, H.D. & Weddell, A.G.M.

TITLE: Some anatomical and physiological principles concerned in the
design of seats for naval war weapons.

CITATION: British Medical Bulletin, 1947, 5, 31-37.

RATIONALE: The seat must support the body in a normal comfortable
position and must be so placed that the operator is in the optimum
relation to his work. This paper waF concerned with the design of
seats for use in naval optical-sights.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: The main consideration in the design of
seats for use in naval optical sights was stability. Stability was
achieved by the use of counterpressure between the feet and the
backrest. The ideal 1hair for body stabilization should encompass
the following points:

(a) The backreet should fit in the lumbar region.
(b) TIe ischial tuberosities should bear most of the weight.
(c) The seat should be made adjustable; seat must be able to

be adjusted 4 in.
(d) The back of seat cushion should be firm and resilient;

front of seat cover should be soft and resilient.
(e) Knee-angle should be 160".
(f) Foot-.rest should move upwards and towards seat to accommodate

smaller persons.
(g) Foot should be at right angles to legs. A heel rest should

be provided.
(h) Thigh should be horizontal.

It was concluded that the ideal position for body-stabilization in
ocular sights was with the user's thighs horizontal and the knee-
angle at 165'. The authors recommend the following dimensions:

(1) Width of seat cushion should be 15 in.at a minimum.
(2) Devth of seat cushion should be approximately 18 in.
(3) The front 8 inof the cushion should be sloped to an

angle of 10* to the horizontal and the back 10 in. disposed
• horizontally.

(4) Length of footrest should be 14 in.
(5) Width of footrest should be approximately 15 in.
(6) Backrest should be 5 in. in vertical depth with its center

placed 10.5 in. above the compressed seat-cushion.
(7) Width of backrest should be 15 in.
(8) Backrest should be placed behind the back edge of the seat.
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CATEGORY: ANTHROPOMETRY

AUTHOR: Dempster, W. T.

TITLE: The anthropometry of body action.

CITATION: In Dynamic Anthropometry, Annals of New York Academy of Science,
(ed.) R. W. Miner, 1955, 63 (4), 559-585.

RATIONALE: This report is an analysis of dynamic anthropometric character-
istics in terms of the engineering properties of the skeletal and
joint system (in terms of an open-chain link system). The paper
reviews the properties of movement in terms of the link system.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RLCOMMENDATIONS: The development of dynamic anthropometry must
proceed La the basis of body kinematics and the telationships of force
to posture and movement. Movement studies are necessary. Subjects
should be selected so as to allow matching of definite dimensions
with those of the target population. Static movement can not gen-
eralize to dynamic measures, but can be used as a basis for selection
of dimensions for dynamic study.

A

I!

A1 A-40

F,



CATEGORY: REACH ENVELOPE

AUTHORS: Dempster, W.T., Gabel, W.C., & Felts, W.J.L.

TITLE: The anthropometry of the ranual work space for the seated

subject.

CITATION: American Journal of Physical Anthropology. 1959, 17 (4)
289-317. Also published in ASD TR 61-89, USAF, WPAFB,
Ohio, 1961. (AD-258564).

RATIONALE: This paper explored the space-geometry of hand motions
as they relate to young men in the seated posture. The space
itself is merely the region of potential position of the hand

point. The envelope has a specific size, shape and relation to
the seat, trunk and legs. The paper defines many terms such as
rotational (angular) movement and translational movement of the
hand mass.

METHODOLOGY:

SAMPLE SIZE: Twenty-two male college students (ages 17-33)
were used.

POPULATION CHARACTERISTICS: In build, the subjects ranged
from medium to muscular. The subjects dimensions were as follows:
stature--175.7+4.5 cm.; sitting height--91.54_3.2 cm.; acromial
height (sitting)-61.3+3.2 cm.; upper limb length-72.8+2.9 cm.
(acromion to dactylion Ill--arm straight, horizontal, and forward).
The dimensions of these subjects are a little higher than the
mean of the average populaticn.

MANIHARDWARE RELATIVE RELATIONSHIP: The vertical adjustment
between eye level and heel was made a standard 39.5 in. for each
S.

PROCEDURES: Experimenters used photo records of time exposures
showing the motions of a tiny neon lamp at the hand grip. The
reference point was the midsagittal point of the junction of
the seat and back. After each exposure, the seat and S were
advanced by a standard distance (6 in.) until the S no longer
had space to move his hand, the reference grids, and his body.
All records were taken from the left hand. Lights were attached
to the yoke over the sternum to indicate whether or not trunk
movement contributed to hand range.

APPARATUS: The seat, made out of wood, was 15 in. deep and 11 in.
wide. The S's elbows and shoulders were unimpeded. The seat
tilted 6* to the horizontal. The backrest was 26 in. in height.
The backrest was tilted back 17@ from the vertical. An adjustable
dental headrest was mounted at the top of the seat back. Foot-
rest and foot platform relative to the seat could be adjusted by
oblique upward and forward movements. The hand appliance consisted
of a handle (a 30 mm. aluminum rod) and a small rectangular
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orientation grid. A dental moulding compound was shaped about
the handle. Eight grid positions were obtained by screwing the
grid to the ball at standard angulitions. There were five grip
crientatione in the sagittal plant (rxlativt to the room): (I)
-30, (2) 0* vertical, (3) 30' forward, (4) 60' forward, (5)
90' forward (grip horizontal and directed forward). Three other
grips included the prone, supine and inverted positions. A
large 5x7 ft. mirror set at 45* showed a side view of the sub-
ject and seat.

SICNIFICANT RESULTS: As the S-to-grid was shortened, the size of the
circuits increased, especially in the upper range. As the seat-
grid distance was further reduced, a lower limit was imposed by
contact with the knees and thighs. After trunk contact with
the wrist and forearm, the only territory free for additional
limb and hand movement was lateral to the trunk on the test-
limb side of the body. These contours became norrow vertical
ellipses, with the upper pole tending to deviate toward the
head. Fach of the 8 grips had characteristic differences in
dimensiuns. Linear dimensions of the upper limbs are metrically
correlated with the extent of hand range, thus the longer-limbed
Se were able to reach father upward, downward, laterally, and
medially across the trunk, as well as father forward and back-
ward. Because of the variability between So, more critical
placement of controls in the work place is ,necessary when
planned for the 90, 60" and supine positions of the hand than
for the 0% -30, 30' and prone hand orientations.

CONCLUSIONS/RECOMIENDATIONS: The common region for the 8 hand
orientations was roughly 15 in. wide, 16-18 in. high and 18-24
in. deep; it lay obliquely, and its maximum anteromedial to4posterolated extent was about 30 in. with a perpendicular
breadth of 18 in. at the maximum dimension. The authors
present a workspace plan based upon theIr analysis.
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CATEGORY: WORKPLACE DESIGN

AUTHORS: Duncan, J. & Ferguson, D.

TITLE: Keyboard Operating Posture and Symptoms in Operating.

CITATION: Ergonomics, 1974, 17, 651-662.

RATIONALE: The purpose of this paper was to analyze the relationship
between postures and symptoms in operating.

METHODOLOGY:

SAMPLE SIZE: Ninety male subjects, who complained of symptoms
in operating and who were diagonosed as suffering from occupa-
tional cramp and/or myalgia, and forty-five unatfected tele-
graphists of corresponding sex, age, length of service and
status were used.

PROCEDURES: Operating postures were reported by observations made

independently by a physician and a physiotherapist.

SIGNIFICANT RESULTS: In general, adverse operating postures were noted
more often in subjects with symptoms of occupational cramp and
myalgia than in unaffected teleprinter operators. Adverst operating
postures of arm and hand were more often right than left sided
(when they were not bilateral) and more common in subjects than
controls. The part of the limb affec:ed was usually associated
with some adverse operating posture of that region.

CONCLUSIONS/RECOMMENDATIONS: The findings support the conclusion that
keyboard design and work height lead to ill-advantaged postures,
repeated adoption of which gives rise in some operators to re-
current symptoms of incoordination and muscle pain.
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CATEGORY: WORKPLACE DESIGN

AUTHOR: Ellis, D.S.

TITLE: Speed of manipulative performance as a function of work
surface height.

CITATION: Journal of Applied Psychology, 1951, 35, 289-296.

RATIONALE: The paper investigated the speed of performing a simple
manipulative task as a function of work-surface height.

METHODOLOGY:

SAMPLE SIZE: Forty-eight males were used. )

POPUIATION CHARACTERISTICS: The subjects were undergraduate
psychology students.

PROCEDURES: The task was the Minnesota rate of Manipulation Test.
The task consisted of turning blocks over in holes with both hands.
Each subject served in two 45 min. sessions which were 48 hours
apart. Each session contained six 3 minute trials at 6 different
work surface height levels. At the end of the last trial, the
subject was asked to put the work surface at his optimal height.

APPARATUS: The apparatus included a plywood working surface
attached to two collars which rode on 1.25 in. pipe. The work
surface was illuminated 30 in. above the work surface.

SIGNIPICAMT RESULTS:

(1) The optimal performance was found at the height which was
42 in. above the floor.

(2) The minimum muscular strain also occurred at this height.
(3) The locus of muscular strain for the back and the legs was

maximal at lower heights, while for the upperarm and shoulder,
it was maximal at higher heights.

(4) The average preferred height by subjects was 41.3 in. + 2.5
in.

CONCLUSONS/RECOMMEDATIONS: The study conclud.s ,but mnscular tension
is an intervening variable between work-surface height and perform-
ance. Work-surface height is an equipment design variable which
needs to be investigated since these results are minimally applic-
able to an industrial setting.
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CATEGORY: WORKPLACE DESIGN

AUTHORS: Ely, J. H., Thomson, R. M., & Orlansky, J.

i

TITLE: Layout of Workplaces (Chapter 5 of the Joint Services Human
Engineering Guide to Equipment Design).

CITATION: Wright Air Development Center, 1956, WADC Technical Report 56-171.

RATIONALE: A critical factor affecting operator performance in any man-
machine system is the layout of his workplace. This report provides
a compiltation of human engineering recommendations concerning various
aspects of workplace layout.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLIUS IONS/RECOMMENDATIONS:
(1) Assign to the hands, controls which require high precision and/or
speed of operation.

(2) Assign to feet controls which require large applications of force.
(3) When the seated operator must apply a force of more than 5 lbs. to
a control by one hand, provide the operator with a support, e.g., back

rest for pushing, foot rest for pulling.
(4) Design the workplace so that the operator can move his trunk or
entire body, particularly when heavy forces (30 lbs.) or large
movements (rore than 15 in. in a fore-aft direction) must be made by
the hands.

(5) For some hand controls, provide an elbow rest.
(6) For instruments whose displays are located close to their controls
v.lewin6 distance is limited by reach distance and should not exceed

28 in. Viewing distaace to displays should never be less than 13 in.
and preferably not less than 20 in.
(7) Recommended dimensions of optimum manual areas (width is approxi-
mately 24 in. ) include:
(a) Near low - opera:or's elbows next to body, forearms horizontal.
(b) Near high - operator's elbows next to body, forearms flexed upward
about the elbow 150.

(c) Far high - operator's arms extended hori,.ontally from shoulder,
operator sitting erect.
(d) Far low - operator's arms extended and lowered until hand is at
level of elbow in "near low" position.

(8) If a back rest interferes with rearward movement of the elbows, no
control should be placed within 16 in. (In any direction) of the resting
position of the elbow.
(9) The seat reference poit should be adjustable at least 3 in.
horlizontally and 5 in. vertically.
(10) The operator should always be provided with a foot rest which

allows each foot to be normal (90o-1000) to the lower leg. If the
foot rest is at an angle of more than 200 from the horizontal, a heel
support (between 1.0 and 1.5 in. thick to minimize interference with

leg movements) should be provided to prevent the foot from sliding

downward.
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CATEGORY: WORY1'LAE DESIGN

AUTHOR: Ferguson, D., and Duncan, J.

TITLE; Keyboard Design and Operating Po,,ture.

,,ITATION: Ergoncmics, 1974, 17, 731-744.

RATIONALE: The present study attempted to explore effects of design on
the operatcr, and to e:-smine how layout could be changed to obviate
postulated advrse effects.

METHODOLOGY:

SAMPLE SIZE: Twvnty-nine nale telegraphists, affected with occu-
pational cramp or myalgia. Sixty-one male telegraphists, who
said they had some symptoms in operating even if of minimal
degree. Forty-five unaffected telegraphists (of similar age,
sex, and operating experience) were used.

APPARATUS: At the beginning of the experiment, bench height was
relatively high (71 cm.) and footrests were not provided.
Tralnees vere noL instructed in the adjustment of their chairs.
The Es edded wide and deep uooden foot stools that were easily
adjustable in height and rake.

SIGNIFIrAbiT RESULTS: A trial of currection of chair height by elpvation
aided elimination of the extended wrist action in operating.

CONCLUSIONS/RECOMMENDATIONS: A bench heiglr of no nore than 64 cm.
with low or countersunk keyboard (or a bench of adjustable height)
and a seat height adjustable between 38 ard 48 cn. would have
ben neceseary ro :-bvite theo p.t.al difiiculties observed.

1
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CATEGORY: SEAT DESIGN

AUTHORS: Floyd, W.F. & Roberts, D.F.

TITLE: Anatomical and physiological principles in chair and table design.

CITATION: Ergonomics, 1958, 2, 1-16.

RATIONALE: The paper reviews the general anatomical and physiological
principles, ar well as anthropometric .'ata which can be applied to
the dcsign of furniture, especially chair and table design.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: M/A

CONCLUSIONS/RECOMMENDATIONS:

(1) Change in postures is extremely important in relation to
amuscle activity and fatigue. A chair should permit changes

of posture.
(2) Comfort is at a maximum when the weight of the trunk is

borne mainly by the ischial tuberonities. Thighs are ana-
tomically and physiologically unsuited for supporting the
weight of the sitting body.

(3) The height of the seat should be determined principally by
the desirability of avoiding undue prtssure on the soft tis-
sues of the posterior aspect of the thigh.

(4) A seat depth of 15 inches neasured ftom the front edge of the
seat to the projected line of the backrest would be suitable
for over 99% of the male population. The average distance
from the popliteal angle to the sacral plane was 17.9 in.
S.D. - 0.9 in. (sample of 285 British males).

(5) A seat width of 16 inches will suit all except the broadest
individuals, with chair arms therc should be 19 in. between
armrests (thigh breadth of l5 seated '3ritish males was 15.9
in. S.D. - 1.1 in.).

(6) The backrest is most effective within the range of the 2nd
to the 5th lumbar vertebrae. Th., distance of the backrest to
the seat of the chair should be between 8-13 in. The radius
of the backrest should not be less than 12 in. while 16-18 in.
is preferred.

(7) A horizontal seat or one with a slope of less than 3* backwards
is suitable for jobs which require upright or a forward leaning
trunk.

(8) Table height is closely corielated to elbow height. Elbows
should be about the level of the working plane. The space be-
tween the under surface of the table and the chair seat should
be slightly greater than thigh thickne3a.

(9) The seat height should be 17 inches.
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CATEGORY: WORKPLACE DESIGN

AUTHORS: Floyd, W.F. & Ward, J.S.

TITLE: Posture in industry.

CITATION: International Journal of Prodliction Research, 1967, 5, 213-224.

RATIONALE: There is a need to study the dinensional relationship between
the operator and his machine a." ,:hat the working posture of the
operator can loe improved. The present paper reviewed three studies
of postural behavior in industry.

METHODOLOGY: N/A

SIGNIFICA.T RESULTS:

(1) In the first study the bench at which the workers sat was of
the following dimensions: Seat height - 24 in.; Seat width
10.5 in.; and Seat height to bottom of table - 4 in. The

subjects' thighs could not be accommodated causing subjects
to sit on the edge of the bench. Chairs with back rests

were tried and the work table was redesigned.
(2) The second study took place in a firm where the women assembled,

soldered and inspected fuses. Most of the subjects did not use
the backrest. The height of the work bench was reduced to 27
in. from the floor, and adjustable seats were added. Most
women thought that the seat height of 16 in. above the floor
was most comfortable. The top of the backrest was 13.2 in.
and buttocks fully supported by the chair seat.

(3) The third tudy dealt with work surface height and the standing
position. Using a stamping (notching) machine, the experimenters
raised the working surface until the surface was 3 in. below the
level of the elbow when the individual was holding the forearm
at right angles to the vertical upper arm.

OON LUSIONS/RECOMMENDATIONS: N/AIi
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CATEGORY: SEAT DESIGN

AUTHORS: Floyd, W. F., & Ward, J. S.

TITIC: Anthropometric and physiological considerations in school,
office and factory seating.

CITATION: Ergonomics, 1969, 12, 132-139.

RATIONALE: Sitting habits acquired in the schoolroom are likely to be
carried over into later commercial or industrial employment. If
an individuals' early training has taught him good postural habits
with correctly dimensioned and designed furniture, he is likely
to require that his subsequent commercial or industrial workplace
be such that he can maintain the same postural habits. Consequently,
it is of great importance to place emphasis upon the further study
and analysis of postural behavior in the schoolroom.

METHODOLOGY:

SAMPLE SIZE: Forty-two girls and 42 boys (mean-17.2 yrs.) were
used. The mean height of the boys was 174.5 cm. and for the girls

163.1 cm. The mean lower leg length of boys was 45.2 cm., and for
girls 41.7 cm. while wearing footwear.

PROCEDURES: The behavior of the subjects was observed by a
multimoment technique.

SIGNIFICANT RESULTS: The characteristic postures of schoolchildren
include: straight trunk, straight shoulders, straight leg, trunk
supported by arms, and backrest being used., The most frequent
sitting behavior was a desk-supported posture. In addition, a
pilot electromyographic investigation was conducted on one schoolboy
to obtain recordings from some of the muscles considered to be
active in the seated working position: trapezius (neck) cervical
position;trapezius (posterior) mid-clavicular portion; latissimus
dorsi post-axillary fold; erector spinae lumbar region. The
lowest electrical activity occurred when the backrest was used
(i.e., minimum activity occurred in all 4 pairs of muscles), as
compared to postures where the trunk was slumped forward and the
arms (either one or both) were resting on the desk surface whether
the S was writing or not.

(:ON(CI,USIONS/RECOMMENDATIONS: The paper concludes that furth.r
studies in myography may be valuable in determining the postural
behavior, in addition to basic anthropometric requirements, that
should be considered in the dimensions and design of seats.

.
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CATEGORY: SEAT DESIGN

AUTHOR: Garner, J.

TITLE: Prcper seating: An aid to industrial efficiency.

CITATION: Industrial Medicine, 1936, 5, 324-327.

RATIONALE: The paper demonstrated that proper seating and industrial
efficiency are positively correlated and made recommendations
concerning proper seating. This article initially discussed
fatigue and its causes, then related fatigue to improper posture
and reduced performance which comes from improper seating. The
deleterious effects of improper seating and posture upon the
body are discussed at length. A case was made for theoe effects
being relatively permanent if improper seating was continued over
a long period of time (such as in one's profession).

METHODOLOGY: N/A

SIGNIFICANT RESULTS: Proper seating posture will at all times favor
full lung capacity breathing, oxidation of the blood in a
minimum of time, free exhalatioa of carbon dioxide, unrestricted
functions of the eliminatory systems, lessened expenditure of
nerve force, and a reduction in muscular efforts. These
conditions tend to increase body resistance, to eliminate fatigue,
and to promote better health as a whole.

CONCLUSIONS/RECOMMENDATIONS:
(1) The major conclusion of this article was that improper

seating and/or slouch lead to increased muscular effort and
thus to the increased production of fatigue.

(2) To prevent fatigue, a chair should be completely
adjustable to the individual.

(3) A chair should embody the following features to prevent
fatigue:
(a) Height from the floor must be adjustable so that the

feet rest flat upon the floor with the knee at a 900
angle.

(b) The seat should not extend so far forward as to impinge
upon blood vessels and nerves in the popliteal space at
the back of the knee, and not so far backward as to exert
pressure upon the coccyx.

(c) The seat should slope from before backward, a drop of
approximately 1 inch in 12, so as to encourage
gravitation toward the back of and into the chair.

(d) The chair back should not exceed 5 inches in depth
(perpendicular) and should be adjustable in both the

vertical and horizontal planes. Contact between the
back itself and the rear edge of the seat should never
be permitted.
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(e) Special types of work may necessitate special
construction in order to meet the above requirements.
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CATEGORY: ANTHROPOMETRY

AUTHORS: Gifford, E.C., Provost, J.R. &Lazo, .

TIT7E: Anthropometry of Naval Aviators -1964.

CITATION: NAIC-ACEL 533. Philadelphia, Pa.; U.S. Naval Air Engineering
Center, Air Crew Equipment Labcratory, 1965. (AD 626-332).

RATIONALE: There has been a lack of correspondence between aircew
station dimensions and the requirements f'or apace to adequately
accommodate the functioning crew member. This report dealt with
anthropometric dimensions.

METHODOLOGY:

SAMPLE SIZE: The subjects numbered 1549, all males.

PROCEDURES: Ninety-six anthropometric measurements were made.

SIGIICANT RESULTS

Measurement Mean S.D.

Weight 171.40 lbs. 19.09 lbs.
Stature 69.94 in. 2.33 in.
Cervicale height 59.51 in. 2.18 in.
Sitting height 36.28 in. 1.25 in.
Eye height (sitting) 31.57 in. 1.18 in.
Kn~ee height (sitting) 21.84 in 0.98 in.
Popliteal height 17.31 in. 0.86 in.

(sitting)
Buttock-popliteal 19.79 in. 0.99 in.Ilength
Buttock-knee length 24.09 in. 1.00 in.
Forearm-hand length 19.08 in. 0.75 in.
Functional reach 31.51 in. 1.42 in.
Hipbreadth (sitting) 14.49 in. 0.85 in.

COCUIN/ECMEDTOS N/A
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CATEGORY: SEAT DESIGN

AUTHORS: Grandjean, E., Boni, A., & Kretzschmar, H.

TITLE: The development of a rest chair profile for healthy and notalgic
people.

CITATION: Ergonomics, 1969, 12, 307-315.

RATIONALE: The present study was set up to develop an appropriate seat
profile for a rest chair realizing that even a suitable seat profile

would not result in a lasting correction of spinal deformity.
The study was in three stages:

(1) Development of a seat profile for normal persons.
(2) Testing the normal seat profile on notalgic persons

(persons experiencing backaches).
(3) Development of a rest chair causing the minimum

discomfort to notalgic persons.

METHODOLOGY:

SAMPLE SIZE: In the first stage, 10 males sat for 150 minutes each.
In the second stage, 36 males and 16 females were

tested for 8 minutes each.
In the third stage, 17 females and 21 males, who had

previously been treated for lumbar complaints were tested.
All patients had roentgenclogical and ;inical disc trouble
between the 5th lumbar and the lst sacral vertebrae. The mean

age for males wea 55 years and for females 59 years.

APPARATUS: A reat was used in which the backrest and seat could
be of any inclination and the arm rests and seat any height.
The seat surface and backrest consisted of frame members into

which adjustable wooden slats were clamped.
A foam rubber sheet of 6 cm. thickness was placed on the~entire seat.

SIGNIFICANT RESULTS: The following dimensions were for healthy persons:
readin rest

Seat inclination: 230-240 26 200
Backrest inclinatior.: 1010-1040 1050-1080
Seat height: 39-40 cm. 37-38 cm.

For notalgic persons the following dimensions were found:

Back rest angle: 1060-1070
Seat inclination: 190-210
Seat depth (depressed): 47-51 cm.
Seat height (depressed): 38-42 cm.

A

A:-



' '~7 - -

CONCLUSIONS/REICOMESMAIONS: The backrest must be provided with a
frontal convex loin welt and, above the lumbar spine, a frontally
slightly concave contour should be provided.
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CATEGORY: SEAT DESIGN

AUTHORS: Grandjean, E., Hunting, W., Wotzka, C. & Scharer, R.

TITLE: An ergonomic investigation of multipurpose chairs.

CITATION: Human Factors, 1973, 15, 246-255.

RATIONALE: This paper investigated twelve types of chairs in terms of
comfort.

METHODOLOGY:

SAMPLE SIZE: Twenty-fave males and twenty-five females were used.

POPULATION CHARACTERISTICS: Ss had an average age of 22-24 years.
.4 Average heights were: females 166.5 cm. S.D. = 5.2 cm.; males

177.9 cm. S.D. = 6.3 cm. (These figures were about 5 cm. taller
than the average of the Swiss population.)

PROCEDURES: Each chair was compared with every other chair in
66 paired comparisons. Ss could not see the chairs and sat in
them for a few seconds. Later, Ss sit for 5 minutes in each of
the 12 chairs at a table '4 cm. high. In addition, a questionnaire
was completed.

SIGNIFICANT RESULTS: Seats with high backrests and profiles were found
to be good in relation to the sensations in the back, nape of the
neck, and lumbosacral region. Seats with a molded-seat surface
were judged better for the buttocks than those with a flat sur-
face. Seat surfaces which were flat in front produced fewer com-

plaints about discomfort in the upper part of the thighs than
those which curved upwards.

;ONCLUSIONS/RECOMMENDATIONS:

(1) The backrest support is effective between 7 and 20 cm. above

the lowest point of the seat surface. The height of the back-
rest should be at least 85 cm. above ground, so long as the
highest point of the seat surface does not exceed 43 cm.

(2) Seat depth should not exceed 43 cm. so that the backrest can
also be effective for small persons.

(3) Seat width should be 40 cm.
(4) A flat seat surface is recommended, ranging from 44 to 46 cm.

A seat surface that slants up in front should have a height of
43 cm. at the highest point of the part supporting the thighs.
On a seat surface that slants up in front, the surface support-
ing the thighs should bre,.k with a small curvature. For chairs
which will be used for forward-inclined and reclined sitting,
gently-molded seat surface which is flat in front under the
thighs and slants upwards in the back under the buttocks is
recommended.
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CATEGORY: SEAT OESIGN

AUTHOR: Hawkins, F.

TITLE: Ergonomic aspects of crew seats in transnort aircraft.

CITATION: Aerospace Medicine, 1974, 45 (2), 196-203.

RATIONALE: Evidence suggests that the incidence of low backpain among
aircrewmen is abnormally high, thus the question of seat design
may be of particular importance. The paper suggests some recom-
mendation for crew seats.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:
(1) Lumbar support: A needed feature is a variable lumbar

support which can be easily adjusted by the individual.
The optimum area of support is between the 2nd and 4th
lumbar vertebrae.

(2) Thigh support: An adjustable thigh support, on the forward
part of the seat should be provided.

(3) Seat pan contours: These should not create too much of a

bucket effect in order to avoid discomfort from side pressures
on the outside of the thign joint.

(4) Seat cushions and fabrics: These should be firm but deformable
to conform, to aome extent, to the occupant's contours.

(5) Seat armrests: In order to prevent the shoulders from being

forced up and to take a proper share of body weight, the
armrests must be adjustable over an adequate range.

(6) Seat recline: Adequate recline capability must be available.

If the seat is to be used for rest purposes, more than the
minimum recline angle will be required (about 35'-40').

(7) Seat bottom: The seat bottom should tilt up (about 7*).
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CATEGORY: ANTHROPOMTRY

AUTHOR: Hertzberg, H. T. E.

TITLE: Some contributions of applied phvptcal anthropology to human
engineering.

CITATION: Annals of New York Academy of Sciences, 1955, 63, 616-629.

RATIONALE: This paper presents the results of three unpublished studies
in applied physical anthropology. The first study summarizes the
engineering use of the percentile curve as a tool to improve the
sizing of work space, clothing, or personal equipment. The second
outlines how the use of muscle-strength data can improve human
safety and ease of machine operation. The third study attempts

to answer the question, "What happens to the buttocks when you
sit on them?"

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUS IONS/RECOMMENDATIONS:
(1) It is incorrect to use the concept of the "average ran" as

the basis of design for human accommodation.
(2) Work spaces, to be efficient, should be constructed on the

basis of design limits chosen according to the range of
body size found in the user population (generally tbe 5th

to 95th percentile).
(3) The use of the design limits or range of accommodation

method is currently the best way to determine the muscle
strength needed to operate controls in addition to the
proper size of the controls.

(4) In considering the problem of reducing buttock fatigue,
the author points out that the design limits approach is a
viable one. He also describes the apparatus (an Air Forcc
adaptation of the Pediscope) used to take data measurements

on sitting pressure in various areas of the buttocks and
the distance between the ischial tuberosities.

(5) The author emphasizes that the concept of averages is untenable
as a basis for design, and that an intelligent choice of
limits is the proper procedure in such widely different
areas as workplace sizing, muscle-strength accommodation, or
even the study of pain in one's seat.
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CATEGORY: WORKPLAI"E DESIGN

AUTHOR: ,.ertzbere, H. T. E.

TITLE: Dynamic anthropometry of working positions.

CITATION: Human Factors, 1960, 2, 147-155.

RATIONALE: This paper provides a review jf the principles and procedures
of workplace design for engineers. It emphasizes that human body
size, anthropometry, and muscle force capability, biomechanics, are
both essential for the efficient sizing of equipment. The proper
method of workplace design, the "design limits concept," is described
and the fallacy of the "average aan" oncept is demonstrated.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) In planning a workspace for a seated man, the designer must know
both the occupants' static dimensions (sitting height, butLock-

Iknee length, knee height, arm reach, ete.) and his dynamic:
dimensions (the distances the man can move and the forces he can
exert).

(2) The use of the "average man" as a solution for design problems
is a fallacy, because no one is average in all dimensions.

(3) The only efficient method for design is the "design limits"
concept, the anthropometric-statistical approach based on sound
dimensions measured by standardized techniques on the population
that will use the workspace.

' (4) The "design limits" approach (also called the "range of accomo-
dation" system) is very simple. Take relevant dimensions on

'an adequate sample of the uster population, reduce the data
statisticqlly, and then choose from these data the dimensions
for workspace according to the percentage of the population
that the product is intended to a-commodate.

(5) Design engineers should use the percentile curve over the range
of the particular dimension they are interested in to assign
cut-off points depending on how much of the population they wish
to accommodate. All the design engineer need do is chocae the
design limits he wants from the percentile curve. Using such
data, the engineer can determine the relative expense of accom-
modating the entire population as opposed to, say, 95 percent of
the population.

(6) The designer should consider the environment as well as the man
(i.e. heavy Artic clothing adds considerably to design dimensions).

(7) Design engineers should also consider limb position when deciding
how much force must be exerted to operate a specific control.

(8) Workspace combining both static and dynamic data can be quite
effective, yet they do not fully provide for the complexities of
the human work needs. The final refinement will be possible when
both space requirements and force output are measured simultaneously
on the man.
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CATEGORY: ANTHROPOMETRY

AUTHORS: Hertzberg, H.T.E., Daniels, G.S., & Churchill, E.

TITLE: Anthropmetry of flying personnel - 1950.

CITATION: WADC Technical Report 52-321, Wright-Patterson Air Force

Base, Ohio, Wright Air Development Center, September, 1954.

RATIONALE: The Anthropometric Survey Team of 1950 visited 14 Air
Force bases and took 13Z body measuremerts of more than 4,000
Air Force personnel in all flight categories.

METHODOLOGY:

SAMPLE SIZE: 4,000 male subjects were used.

POPULATION CHARACTERISTICS: Subjects were from 14 Air Force bases
within the United States.

APPARATUSt Standard anthropometric instruments were supplemented by

measuring - board techniques to satisfv the requirements of both
speed and accuracy. Grid sheets graduated in centimeters and milli-
meters were tacked on the wall at a known distAuce from the corner
of the room. Span and several arm lengths were taken by the grid
shoots.

SIGNIFICANT RESULTS: N/A

Measurement Mean S.D.

Weight 163.66 lbs. 20.86 lbs.
Stature 175.53 cm. 6.19 cm.
Eye height 164.31 cm. 6.04 cm.
Shoulder height 143.51 cm. 5.80 cm.
Elbow height 110.48 cm. 4.50 cm.
Wrist height 85.15 cm. 3.92 cm.
Sitting height 91.28 cm. 3.27 cm.
Eye height (sitting) 79.94 cm. 3.2? cm.
Shoulder height (sitting) 59.07 cm. 2.89 cm.
Elbow rest height (sitting) 23.16 cm. 2.63 cm.
Thigh clearance height (sitting) 14.25 cm. 1.33 cm.
Knee height (sitting) 55.04 cm. 2.51 cm.
Popliteal height (sitting) 43.10 cm. 1.96 cm.
Buttock-Knee length 60.00 cm. 27.70 cm.
Forearm-hand length 47.91 cm. 2.07 cm.
Span (standiug) 179.83 cm. 7.46 cm.
Arm reach from wall (standing) 87.86 cm. 4.18 cm.
Max. reach from wall (standing) 98.03 cm. 4.82 cm.
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Measurement Mean S.D.

Functional reach (standing) 82.12 cm. 4.14 cm.

Elbow-to-elbow breadth 43.89 cm. 3.61 cm.

Hip breadth (sitting) 35.49 cm. 2.21 cm.
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CATEGORY: ANTHROPOYMTRY AND SEAT DESIGN

AUTHOR: Hooton, E.A.

TITLE: A Survey in Seating.

CITATION: Westport, Connecticut: Greenwood Press, Publishers, 1945.

RATIONALE: The project consisted of (1) taking 8 measurements on each
individual of a group constituting a representative sample of the

population of the U.S.; (2) reducing these measurements statisti-
cally; and (3) making certain recommendations, on the baoi6 of the
statJstics, pertaining to the design of seats. The study was on
railway travelers and includes 8 measurements relevant to the de-
sign of railway coach seats.

METHODOLOGY:

SAMPLE SIZE: 3, 867 persons.

POPULATION CHARACTERISTICS: Preponderance of persons from the New
England, Middle Atlantic, and East North Central States. All
economic levels were included and an equal number of males and fe-
males were selected.

PROCEDURES: Each individual was seated in the center of thechair with his buttocks in contact with the lower portion of the

back of the chair and his shoulders in contact with the upper
portion of the back of the chair.

APPARATUS: A special measuring chair manfactured by the Heywood-
Wakefield Co. and, calibrated to an accuracy of 1/8 of an inch was
used.

SIGNIFICANT RESULTS:
Males Females

Measurement 5th 50th 95th 5th 50th 95th
Weight (lb.) 132.3 166.7 217.5 103.7 133.1 179.3
Stature (in.) 64.5 69.0 73.8 60.8 64.9 69.1
Buttock-Popliteal

length (in.) 17.4 18.9 20.8 16.8 18.2 20.0
Popliteal height

(in.) 17.6 19.0 20.6 16.7 18.1 19.5
lst-2nd cervical
vertebrae (sit-
ting) (in.) 26.6 28.6 30.6 24.9 26.7 28.6

Hip breadth (in.) 13.7 15.3 17.4 13.1 14.6 37.2
Shoulder breadth

(in.) 16.1 17.6 19.2 14.4 15.5 17.6

CONCLUSIONS/RECOMMENDATEONS:

(1) Seat depth: 20 inches (based on Buttock-Popliteal length)
(2) Seat height: 16.9 inches (based on Popliteal height)
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(3) Backrest height: 28. inches (based on region of ist and 2nd
cervical, sitting)

(4) Elbow (arm rest) height: 8.5 inches (based on length of the
upper arm relative to the length of

the torso)
(5) Backrest breadth: 22 inches (based on Shoulder breadth)
(6) Seat width: 21.3 inches (based on Hip breadth)
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CATEGORY: REACH ENVELOPE

AUTHOR: Hugh-Jones, P.

TITLE: The effect of limb positiu. in seated s-ibjeets on their ability
to utilize the maximum contractile force of the limb muscles

CITATION: Journal of Physiology, 1947, 105, 33 2-34 4 .

RATIONALE: The purpose of tnis study was originally for determining
the placement of controls. Thus, the results compare pushing
on a hand-grip with pulling for the same position. In general,
the experiments were to ascertain the influence of limb position
(arm and leg) on the force that can be exerted on an isometric
control by a seated operator.

METHODOLOGY:

SAMPLE SIZE: Six male subjects were ,.sed in the first experiment
to determine maximum push on a foot ledal. Subjects were between
21 and 36 years old and weighed 147 to 182 pounds. On all sub-
sequent experiments, only two of the origina.l six su)jects were
used. These subjects were 26 and 27 years old, weighed 172 and 168
pounds, and were 70 and 71 inches tall respectively. Their arm
lengths were identical.

PROCEDURES: Joint angles we.'e measured from bony points using a
long-armed hinged protractor. Angles were measured both with
tht subject at rest and when mayimum force was being exerted.

APPARATU8: The apparatus consisted of a metal seat with a flat,
padded, and adjustable backrest, which supported both thie subject's

pelvis and back. The seat was mounted in a rigid wooden frame
fixed to the wall and floor; two upright beams could be bolted
securely in any of eight positions along the frame. An axle of
2 inch diameter steel tubing could be held so as to rotate freely
in any of ten bearing-holes in the upright beams. A 300-lb. spring
balance suspended from a ceiling beam, was attached by a chain to
a hooded collar fixed on a steel rod. The latter was inserted

through a hole in the axle at right angles to its length, and
held there by two collars. Into any appropriate one of a series
of holes in the axle was inserted either a pedal or a nand-lever
and this was prevented from rotating by grooved collars. The
pedal had a board freely slung under its crossbar. The hand-lever
was a steel rod on which a wooden hand-grip could be clamped at
any height above the axle.

SIGNIFICANT RESULTS:.
(1) For the maximum push on a foot-pedal the optimal position

was found to be thigh-angle of 150 and a knee-angle of 1600. This
position produced a mean maximum push of 8h5 -35.4 lbs.

'55
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(2) For the maximum horizontal push on an isometric vertical
hand lever, 29 inches from the -enter of tne hand-grip to
the seat back was found to be optimal for the four vertical

planes in which it was measured (i.e., left shoulder (using
left arm, mid-line (using right arm), right shoulder (using
right arm) and outside shoulder .14 in. to right of mid-line
(using right arm)).

(3) Maximum horizontal pull on a hand-lever was found to be at
35 inches from center of grip to seat back (full extension
of the elbow). It was also found that for comparable posi-
tions horizontal pull is always less than push.

(4) Mean maximum Bull on an isometric hand-lever with direction
of pull at 45 upwards was attained when the grip height was
6 inches below the seat level. This result was consistent
for 17, 23, 29, and 35 inches between the hand-grip and the
seat back.

CONCLUSIONS/RECOMMENDATIONS:

(1) It was shown that, in general, push or pull increases with
extension of che acting joint until a maximum is reached
just before the joint becomes straight.

(2) In general the increase shown in exertable push with increase
in angle of the acting joint is explained by the fact that
although the length of the acting muscle decreases, and
consequently also the tension developed, the mechanical dis-
advantage against which the muscle acts also diminishes with
joint extension and more than compensate for the effect
of muscle length.

(3) For pushing on a controL, against a seat backrest, the findings
agree with the theory that the limb acts as a mechanical "toggle"
between the control and the backrest. The toggle-action
markedly increases the exertable push until a critical limiting
angle is reached. This angle is 1600 for knee-extension and,
approximately, 1350 for elbow-extension.

(4) For an iso-metric hand-lever, maximal push or pull is attainable
when the elbow is extended up to the limiting angle (1350),
the hand-grip is about at elbow height for the seated subject,
and the lever moves in a vertical plane which passes through
the shoulder-joint.

(5) To exert pressure between an isometric hand-grip and a seat
backrest is subjectively unpleasant, though the exertable
push (because of toggle-action) is g-eater than the pull
under comparable conditLoi-s. Because of the unpleasantness
involved, tht- author concludes that conventional "pull-on"
hand-brakes for vehicl:u are preferrable to a "push-on"
variety.
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CATEGORY: SEAT DESIGN

AUTHOR: Jones, J. C.

TITLE: Sensations in body parts as a measure of seat discomfort.

CITATION: Ergonomics, 1966, 9, 344.

RATIONALE: The purpose of the study was to determine if seats of
varying degrees of comfort could reliably be discriminated
using sensations in body parts as reported by subjects over time.

METHODOLOGY:

PROCEDURES: Experienced subjects recorded sensations in parts
of their backs, buttocks, and thighs while sitting on various
seats for up to 5 hours. Each subject assessed the sensation
in each body part on a five-point scale of discomfort: 0 - no
sensation; I - awareness; 2 - numbness; 3 -. ache; 4 - pain.
Discomfort levels were recorded at intervals of 5 minutes for
seats that quickly became uncomfortable, and intervals of 15
minutes for seats that were tolerable for 5 hours or more.

SIGNIFICANT RESULTS:
(1) The subjects took several hours to reach level 4 (pain),

when seated in conventional small car seats, whether the
car was in motion or parked during the test.

(2) Subjects took about the same time to reach level 4 when

seated in a room on an upright moulded plywood seat 17
in. high.

(3) When the plywood seat surface was mounted directly on the
small car seats, the subjects all reached level 4 after
about an hour an a half whether the car was in motion or

4 parked during the test.

CONCLUSIONS/RECOMMENDATIONS:
(1) Initial results show that the method reliably discriminated

between seats of very different degrees of comfort.
(2) It may be inferred that the effect of upholstery in a

low seat is to make up for the sitter's inability to
transfer pressure from one supported area to another by
moving his legs and body.
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CATEGORY: SEAT DESIGN

AUTHOR: Jones, J.C.

TITLE: Methods and results of seating research.

CITATION: Ergonomics, 1969, 12, 171-181.

RATIONALE: The purpose of this paper was rc generate data to be used
in the design of car seats, industrial seats, lecture theater
seats, etc. and to develop research methods to be used by engineerc
and designers. Designers of the seat and workspace have first to identify
identify what they believe to be the critical dimensions and then
to design to accommcdate a wide range of users. The initial set-
tings of the apparatus are found by adjusting each dimension until
a user of average size can carry out each of the task actions with
no more difficulty or discomfort than the designers believe to be
acceptable for the class of equipment that is being desgned. The
second part of the study provides a measure of seat discomfort.
Trained testers record sensations in parts of the body at intervals
during a journey.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECONMHENDATIONS: The following results are of a fitting
trial which shows the dimensions of a car interior designed to
accommodate 98% of British males and females.

(1) Seat Height 12 in.
(Floor to front edge of compressed seat)

(2) Seat Length 17 in.
(Junction of compressed squab and backrest
to front edge of squab)

(3) Seat angle (rearward declination) 7*
(4) Backrest angle 1080
(5) Interior height 50.5 in.

(floor to roof lining)
(6) Footrest distance 10-20 in.

(Horizontal distance from front edge of
seat to intersection of footrest and

A floor.)
(7) Footrest angle 37.5o

The method of fitting trails is a modification of Morant's
method of determining cockpit dimensions.
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NCATEGORY: SEAT DESIGN

AUTHORS: Karvonen, M.J., Koskela, A. & Noro, L.

TITLE: Preliminary report on the sitting postures of school children.

CITATION: Ergonomics, 1962, 5, 471-477.

RATIONALE: Relatively little attention has been given to the ergonomic
problems of school work. Incorrect work habits adopted in an early
phase can be detrimental to work efficiency and health. This paper
summarized several points considered important in the designing of
school equipment and a practical method of controlling how the
pupils use school equipment.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: To induce people to adopt good working postures
the first thing is to ensure that the chairs, tables and equipment
that they use are correctly dimensioned and designed. For school
furniture, the following recommendations were given.
(1) The desk and the chair should be separate. This makes it
possible to adjust the distance between them according to the needs
of each pupil.
(2) The table should be of such height that when the pupil sits in
a free reading or writing position his eyes are 30 to 40 cm. from

N the table top. The pupil should be able to rest his forearms on
the table without raising or hunching his shoulders. This means in
practice a 25 to 30 cm. height difference between chair and table.
(3) The table top can be horizontal but a slight inclination is

:recommended.
(4) The chair seat should suit every pupil. This is possible if
adjustable chairs or a series of chairs of different sizes are used,
(5) The chair should give good support to the lumbar spine. A
lumbar support which is slightly convex in the vertical plane and
concave in the horizontal one fits the shape of the back rest. The
distance between the lower edge of the back rest and the seat shouldF be 10 to 15 cm. The angle generally recommended between the back-

rest and seat is approximately 1050, but in school chair, 90-100*
is evidently best. The Inclination of the backrest must be such
that the person sitting can lean against it when slightly bent for-
ward.
(6) The seat depth should be approximately 40 cm., depending on
the pupil's size. To prevent sliding, the seat should slope slightly
backwards. The front edge should be bent down or rourded so that
it does not press on the under surface of the thigh.
(7) The chair height should be such that when the sitter's feet
rest firmly on the floor the front edge of the seat does not press
against the under surface of the thigh.
(8) The seat should be smooth and not moulded to conform to the
buttocks. This enables shifting of position more freely.
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(9) The space below the front edge of the seat should be free to
permit ch-aiges in the position of the legs.
(10) The backrest should not reach up to the shoulder blades so that
it restricts the movements of the upper limbs.
(11) There should be sufficient space betwean e chair and the work
table to shift position easily.
Observing the sitting postures pupils show that:
(1) a backrest is used for only half of the time.
(2) a forward inclined posture is the most popular; it is used over

half of the time.
(3) There is no distinct regularity in the leg position.
(4) Soth forearms are on the table for over half of the time.
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CATEGORY: Seat Design

AUTHOR: Keegan, J..'.

TITLE: Alterations of the lumbar curve related to posture and seating.

CITATION: Journal of Bone and Joint Surgery, 1953, 35, 589-603.

RATIONALE: According to the paper, the site of moat back symptoms
arising from pistural factors is in the lower lumbar spine,
particularly in the fourth and fifth lumbar intei-vertebral discs
which comonly degenerate with age under normal weight-bearing,
sitting, and stooping strain. The paper presents reconnendations
for the dimensions of chairs with regard to the lumbar curve.

METHODOLOGY:

SAMPLE SIZE: Two males and 2 females.

POPULATION CHARACTERISTICS: Normal young persons with no history
or roentgenographic evidence of abnormality.

PROCEDURES: Included showing the normal physiological alteration
of the lumbar spine in various positions.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: A design, applicable to all seats regard-
less of their external form or special use, incorporating the basic
requirements for a comfortable and protective seat, based on know-
ledge of the anatomical, physiological and pathological causes of

• low-back discomfort and pain is set forth.

(1) The most distinctive and important feature is the placement
of the primary back support over the lower lumbar spine. The
height of this support should be 9 in. and be slightly convex.

(2) An open or recessive space for the posteriorly projecting
sacrum and buttocks should be provided. The open space should
be about 4.5 in.

(3) There should be a minimum angle of 1050 between the trunk and
the thigh to help preserve the lumbar curve.

(4) The upper limit of the convex primary lower lumbar back support
in the short backed "straight" chair should be well below the
lower angles of the scapulae (i.e., about 12.5 in. from the seat).

(5) The shoulder support in high-backed chairs is secondary to lumbar
support, placed at a minimum angle of 105" with the seat.

(6) Increase of the angle of the back of the seat is pivoted on a

point in line with the hip joint.
(7) Maximum length of seat is 16 in.
(8) Height of seat is 16 in.
(9) Front border of seat should be curved downward.

(10) There should be a free space below the seat to allow for place-
ment of the feet beneath the seat in rising and for relaxation
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in sitting.
(11) Tilt or upward inclination of 5@ should be provided for the

sebt pan.
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CATEGORY: SEAT DESIGN

AUTHOR: Keegan, J.J.

TITLE: Evaluation and improvement of seats.

CITATION: Industrial Medicine and Surgery, 1932, 31, 137-148.

RATIONALE: Recent medical knowledge of the cause of most postural low
back discomfort and pain in degenerated lower lumbar intervertebral
discs has permitted better analysis of the seating problem. The
paper presents three misconceptions concerning seating: (1) that
the proper sitting position is at a right angle between trunk and
thighs; (2) that the 'hief back support should be at the shoulders;
and (3) that the seat should support the thighs. This has led to
seats with high, vertically straight, near right-angled backs that
flatten the lumbar curve, and to excessively long seats which inter-
fere with positioning of the legs.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(1) The most important requirement for a correct seat is placement
of the primary or chief back support over the lower lumbar spine
where most postural back trouble is located. Shoulder support
is necessary only in resting seats. Support must be vertically
curved.

(2) The minimum angle of shoulder support (i.e., angle between line
of the shoulders and the seat) should be 105*.

(3) Length of seat should be 16 in.
(4) Height of seat should be 16 in. Seats need te be higher for

work over the standard 30 in high desk or table in order to
maintain the needed visual distance of 16 inches to which read-
ing glasses are adjusted. In these cases, the seat height
should be 18 in.,, but the seat length should be 14 in.

(5) Tilt of seat should be 50 upward in front.
(6) The front border of the seat pan should be rounded.

In addition, 31 seats are evaluated on the preceding points. The
seats were classified according to their location and use as follows:
office, home, public, transportation, and machinery seats. Ways to
improve the 31 seats are also included in the paper.
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CATEGORY., RFACH ENVELOPE

AUTHORS: Kennedy, K. W.

TITLE: Reach Capability of the DSAF Population: Phase I -- The Outer
Boundaries of Grasping-Reach Envelopes for the Shirtaleeve, Seated
Operator

CITATION: Wright-Patterson Air Force Base, Ohio, Aerospace Medical Research
Laboratory, 1964.

RAZIONALE: The purpose of this report was to describe the outer boundaries
of the minimum, 5t0, 50th, and 95th percentile grasping-reach envelopes
for the shirtaleeved, seated operator and to discuss the factors influencing
his reach capability. The term grasping-reach denotes grasp between the
thumb and the second phalanx (middle segment) of the forefinger.

METHODOLOGY:

Sample Size: 1wenty mole subjects were used.

Clothing: Each subject wore a shortsleeved shirt.

Procedures: (A) The subject centered himself on the seat by seeing
equal amounts of footrest space between the center brace and leg on each
side of the seat. The subject would press his back firmly ao-i,t the back-
rest with his torso in the center of the seat. The experimenter would
review and stress the importance of the exact position of each reach. Each
8ublect was allowed to practice orienting himself. Each trial 3,sted an
hour.

(B) The measurements taken included: seat in 00position; reach infor-
mation throughout a vertical plane through the center of the arch (PO)
forward is 00; rear -1800); from seat 150 right; vertical plane left 150 to
right 1650 at 150 intervals to seet 1650 right; left 1650 to ri',ht 150 plane.
Repeatability tests were given to insure confidence of measurerents.

(C) Data was handled as seat 150 to the right, reach diatances recorded as
vertical plane of reach had rotated 150 to subject's left (left 150 right
1650 plane).

(D) Data was transformed so that the vertical planes were converted to
represent horizontal sections.

(E) The angular reach capability and linear reach capability were then deter-
mined.

Apparatus: The AMRL Research Measuring Device was employed which was a
rotatable seat mounted on a platform beneath a.. arch, the seat's centerline

(vertical) lies In the arch's plane. The arch has friction-held measuring
staves at 150 intervals, calibrated to indicate distance from center of
arch to midpoint of a knob at the inside end of stave. The center of the
arch (PO) was the vertical axis the seat rotation passes through; the SRP
is 10 in. to the left and 23 In. below PO. The maximum gisping reach
mcasurable was 38 in. Casters facilitated chair rotation on a track of
steel. Seat orientation was measured on a circular 150 interval scale on the

platform around tne pivot of the chair. A large butto, switch on back
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of the chair 18 in. above SRP and 3 in. to the right of the seat
back midline connected to a light insured proper shoulder position,

SIGNIFICANT RESULTS:

(1) Contours for each 5 In. Level through the outer boundaries of
the minimum, 'Kh, 50th, and 95th percentile grasping-reach envelopes
were obtained. All contours between 5 in. below SRP and 30 in. above
SRP were incomplete since arm movements wvre inhibited at times by the
sines and rear of the chair.

(2) Raniking of reach capability of the subjects in four major sections of
the envelope were obtained.

(3) Mean values of various anthropometric dimensions for the 5 longest
reaches and 5 shortest reaches were given.

(4) A correlation matrix between anthropometric dimensions and measures
of reach capability was presented. There were several high correlations
between anthropometric dimensions and reach capability: (a) functional
reach plus acromial height with overhead reach, (b) functional reach
plus acromial height with downward reach, (c) functional reach plus
biacromial diameter with lateral reach, (d) functional reach with
lateral reach. Subjects with greater shoulder mobility have greater
angular reach to right rear.

CONCLUSIONS/RECOMMENDATIONS:

(1) The two most important influences on size and shape oi grasping-reach
envelope were:(a) the distance from center of shoulder rotation to the
tip of the thumb, and (b) characteristics of motion of the shoulder
joints. Other factors include : (c) acromial height (sitting), (d) one-
half the distance between right and left glenohumeral joint centers, and
(e) lengths of arm and leg segments.

(2) Influences contributing to variability in ani reach capability include
(a) correlative dimensions and (b) one cannot vary arm reach capability

without producing a variation of the envelope.

(3) Because of the high tendency for body aimensions to restrict reach
capability the "5th percentile reach envelope" is not necessairly true
for a 5th percentile man.
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CATEGORY: CONSOLE DESIGN

AUTHORS: Kennedy, K. W., and Bates, Jr. C.

TITLE: Development of Design Standard.s . for Ground Suoport Consoles.

CITPTION: Wright-Pntterson Air Force Base, Ohio: Aeroapace Medical

Research Laboratories, 1965, AMRL-TR-65-163.

RATIONALE Ground console designs for possible standardization in future
systems were described in detail. All of the ground console designs
were derived from a basic sit-stand configuration and will accommo-

date approximately 95% of the UAF male population and approximately
60% of the USAF female population. Five console types were recognized
based on the posture best suited for monitoring and whether or not

the operator is required to have horizontal vision over the top of

and beyound the console. The five console types were (1) alternate

sitting or standing, (2) sitting with vision over the top, (3) sitting

without vision over the top, (4) standing with vision over the top,
and (5) standing without vision over the top.

METHODOLOGY

PROCEDURES: Each console profile was developed from anthropometric
data (Hertzberg, Daniels, and Churchill, 1954) that described the all male USAF

population. Since visual and arm-reach capabilities and limitations

are so important in console design, they were given preferential

consideration. The first point of reference was the eye position

and then the reference point for reach accommodation was then approximated

relative to he eye reference point.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: For the sit console type, the following
dimensions are set forth:

Minimum knee clearance - 19 in.
Minimum thigh clearance at8 nSeat to heel catch on floor -18 in.

Minimum seat adjustability - 4 in.

midpoint of seat adjustability -6.5 ir
For all five types of consoles, the following dimens ns are recommended:

5 Minimum pencil-shelf depth - 4 in.

Minimum writing surface depth - 16 in.

including pencil shelfConsole panel angle from - 150

Vertical

The maximum console height from standing surface should be with respect

Sit-stand - 62 in.

Sit with vision ovr the top - 47.5 to 58 in.
This dimension must never be more than
29.5 in. greater than the seat height at

the midpoint of the seat idjustability.
Sit without vision over the top - 51.5 to 62 in.

This dimension must never be more than
r33.5 in. greater than the seat height at

A-74o (

-,- *5_.-x



midpoint of the seat adjustability.
Stand with vision over the top - 62 in.
Stand without vision over the top - 72 in.

The writing surface height from the standing position should be 36 in.
for all console types, except the sit only types in which the writing
surface height should be 25.5 to 36 in.

The maximum console panel breadth should be 36 in. for consoles with-
out vision over the top, and 44 in. for consoles with vision over the
top.

The suggested vertical dimension of panel, including the sills should
be as follows:

Sit-stand - 26 in.
Sit with vision over the top - 22 in.
Sit without vision over the Lop - 26 in.
Stand with vision over the top - 26 in.
Stand without vision over the top - 36 in.

For the sit-type consoles, the Seat Reference Point should lie
0 about 8.25 in. in front of and 6.5 in. below the underside of the

writing leaf when the seat is at the midpoint of its adjustability.
The back of the seat should slope away from the front of the console
at about 130 from the vertical. The seat-back should provide sup-
port for the operator's back at least from about the second lumbar
vertebra to the 10th thoracic vertebra. The arm rest should not

* interfere with the use of the writing leaf. The arT rests should not
extend more than 8.25 in. forward from the Seat Reference Point, and
hould be 9 in. above the seat. If the seat height is higher taan

18 in., a heel-catch should be provIded at a distance of 18 in.
below the seat.
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CATEGORY: MODELS, WORKPLACES

AUTHOR: Kilpatrick, K. E.

TITLE: A biokinematic model for workplace design.

CITATION: Human Factors, 1972. 14, 237-247.

RATIONALE: The paper reported the use of a computerized biokinematic
model of the operator in the design of workplaces. The model
simulates the spatial relationships between the operator and
the workplace for a given workplace configuration and task
sequence before the design is mocked up or committed to hardware.

METHODOLOGY:

PROCEDURES: Steps in the model developi-nt were as follows:
(1) Describe the operator as a set of joint centers and connecting

links.

(a) A link is a non-deformable connection.
(b) A joint center is the mean of the joint centers at a

a joint or the proximal end of a link at the best
center of rotation for the distal end.

(2) Define a movement - excursion envelope at each joint center.
The definite data is scarce so most envelopes are estimated
mathematically.

(3) Develop a programmable logic which would provide the pre-
diction of the joint centers.

SIGNIFICANT RESULTS:

The limitations of the model are as follows:

(1) Limited to predicting the body configuration for a seated
opetator reaching to positions that do not require him

to exceed normal active ranges of joint awvement.
(2) The operator is assumed to be able to position his body

links freely in space.
(3) Effects of .ix, age, encumberances, aad disabilities are

not incorporated.
(4) Limited validation.

The validation phase compared in three ways predictions and actual

positions with five subjects and 35 positions each. £he mean

miss-distance was: 2.48 in. At the wrist, 5 in. at the elbow,

4.7 'n. at the shoulder, 5 in. at the clavicle, and 4.7 in. at the T-4.

Applications of the model:

(1) To deterine the reach feasibility of a workplace configuration-

task sequence combinntion.
(2) To determine if physical interference exists between the

operato" and workplace during a task.

(3) Task-time predictions as a measure of design effectiveness.
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CATEGORY: SEAT DESIGN

AUTHORS: Kirk, N.S., Wards, J.S., Asprey, E., Baker, E. & Peacock, B.

TITLE: Discrimination of chair seat heights.

CITATION: Ergonomics, 1969, 12, 403-413.

RATIONALE: British Standards states that the height of the front edge
of the seat above the floor for non-adjustable office chairs should
be 43.18 cm. (17 in.). This recommendation is based primarily on
physiological and anatomical considerations; subjective comfort has
been ignored. There is a need for experiments in which the seat
height is systematically varied and measures of comfort are obtained
at each seat height. Before thij can be done, there is no a priori
way of knowing what size of deviation it would be most effective to
examine. This study was conducted to see how well subjects could

discriminate between a standard seat (set at height of 43.18 cm.)
and the height varied in 0.64 cm. steps (between 40.64 and 45.72 cm.).

METHODOLOGY

SAMPLE SIZE: Fifteen males and 15 females were used.

POPULATION CHARACTERISTICS: The female Ss were representative of
British women between the ages of 18 and 40 years. The male Ss were
taller than British men between the ages of 18 and 40, but were
equivalnt to other university students.

PROCEDURES: The method of constant stimuli was used. Nine comparison

seats were used. Ss were blindfolded and not permitted to touch the
seats.

APPARATUS: The seats were of a flat wooden surface 40.64 cm. in
width and 38.10 cm. in depth with a slope of 5* from front to back.The standard height was 43.18 cm. and the range was from 40.64 to

45.72 cm. in 0.64 cm. intervals.

SIGNIFICANT RESULTS: The mean Differential Limen for males was 0.84 cm.
and for females was 0.64 cm. The mean Point of Subjective Equality
for males was 43.08 cm. and for females was 43.05 cm. No relation
was found between these two measures and anthropometric dimensions.

CONCLUSIONS/RECOHMENDATIONS: It is highly probable that any seat which
departs by about 2.5 cm. or more from the recognized B.S.I.'s
recommendation of 43.18 cm. will be perceived as different b, every-
one everytime provided that (1) subjects are asked to make a compara-
tive judgment, and (2) the temporal interval between presentation of
seats is shrt.
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CATEGORY: SEAT DESIGN

AUTHORS: Kocker, A.L. & Frey, A.

TITLE: Seating heights and spacing.

CITATION: Architectural Record, 1932, 71, 261-269.

RATIONALE: The paper was concerned with individual seat requirements and
architectural arrangements for school, theatre, and stadium seating.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMOENDATIONS: The paper mainly deals with seating arrange-
ments in various seating capacity frameworks such as school, theatre

and stadium. The paper sets forth the following recommendations:
(1) The seat height should be 18 in.
(2) The depth of the seat should be 16 in.
(3) The seat width should be approximately 17 in.
(4) The backrest should be convex for lumbar support.
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CATEGORY: REACH ENVELOPE

AUTHOR: Konz, S. A., Jeans, C. E., & Rathore, R. S.

TITLE: Arm motions in the horizontal plane.

CITATION: AIIE Transactions, 1969, 1, 359-370.

RATIONALE: The purpose of thi. study was to re-evaluate Lhe two principles
of motion economy.

METHODOLOGY:

SAMSLE SIZE:, Uighteen femades were used in the first experiment.,
Seve"n females were used in the second experiment.

P.OCEDURES: Subjects moved a 2 lb. weight in each hand between
two specified points.
(I) Hands moved simultaneously ard symmetrically.

(2) h4 nds moved simultaneously and nonsymmetrically.
(3) Hands moved alternating and symmetrically.
A force platform measured tne combined static and dynamic forces
Physiological cost was defined as the amount of force exerted
for a given time period. Subjects were paced b a metronome
at 66 clicks per minute. There were 3 conditions, 6 sequences
with three subjects per sequence.

In the second experiment, subjects made repetitive motions between
outer targets and inner targets.
tI) At angles of 0. 30. 60, 90, 120, 150, and 180.
(2) Worktable set 1 in. below standing elbow height of subject.
(3) Single hand movements made at 9 and 16 inches distances.
(4) Simultaneous hand motions made at above angles with hand

spread at same angles.
(5) A formal set of instructions and a practice session given,
(6) Each trial was 18 sec.
(7) Speed and accuracy was converted to bits of information

processed according to Fitts.

SIGNIFICANT RESULTS:
Experiment 1:
(1) Condition I is better than condition 3 but c-ndition 2 was

better than condition 1 which does not agree with literature.
(2) Inward motions are better tnan outward motions, another

disagreement.
Experiment 2:
(1) For single hand motion- right superior to left in speed and

accuracy accuracy and speed were not compatib.e at maximums.
(2) Simultaneous hand motion - less spread the better the

performance; spread more important than symmetry but symmetry
better than nonsyimetry.

(3) The limiting factor in hand-arm motions is the ability
to nerves and muscles to carry out orders.
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CONCLUSIONS/'RECOMMENDATIONS:
The two principles of motion economy were evaluated and sub-
sequently changed to five principles:
(1) For one hand 4+inv., movements which pivot about the

elbow are preferred to pvots around the shoulder.
(2) For one hand motions, movements with the preferred

hand are more desirable than with the nonpreferred hand.
(3) Two hand motions are preferred to one hand motions.
(4) For two hand motions, simultaneous motions are preferred

to alternating motions.
(5) For two hand simultaneous motions, a pattei-n which

minimizes eye fixations is preferred.

H
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CATEGORY: WORKPLACE DESIGN

AUTHOR: Koskela, A.

TITLE: Ergonomics applied to office work.

CITATION: Ergonomics, 1962, 5, 263--264.

RATIONALE: Studies made on the working place itself and the practical
applications of the results differ much from studies made in the
laboratory. This paper dealt with the working conditions of 300
office workers with some observations by the author. The reason
for this investigation was the comon complaints of pains and
aches in back, neck, shoulders and arms among the office workers.

METHODOLOGY:

PROCEDURES: The workers were interviewed and observed. Attention
was paid toward the dimensions and design of desks and chairs,
towards the posture and movements of the worker and the muscular
pains. Secondly, attention was directed to lighting, ventila-
tion, etc.

SIGNIFICANT RESULTS: The following weaknesses were noticed for
secretaries who had a large writing desk and a narrow type-
writer desk of a scandard type with one leg and of a standard
height.
(1) The typewriter desk was very often too high.
(2) The too narrow typewriter desk resulted in a situation where

the elbow c3osest to the desk did not have enough space to
move freely and the worker had to lean away from the desk.

(3) The one-legged desk did not prevent the typewriter from
rocking and moving.

(4) At times there was lack of room on the desks.

CONCLUSIONS/RECOMMENDATIONS: The following alterations were made on
the working pluce of these secretaries:
(1) The legs of the typewriter desk were made adjustable in order

to fit the height according to each secretary.
(2) In order to obtain free space for the elbow and to avoid

sitting in a leaning position, the typewriter desk was made
longer.

(3) For secretaries who had more than one telephone and a dicta-
phone, working places in the form of a U were constructed.
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CATEGORY: SEAT DESIGN, CONSOLE DESIGN, AND WORKPLACE DESIGN

AUTHOR: Kroemer, K.H.E.

TITLE: Seating In plant and office.

CITATION: American Industrial Hygiene Association Journal, 1971, 32,
633-652.

RATIONALE: Improper design of seating (or non-consideration of
available design data) may lead to improper posture of the
worker, thus increasing fatigue and discomfort at the work station.
The paper discusses the biomechanical, anthropometric, and
physiological data and findings. The paper presents recommended
dimensions for work stqtionp (i.e., office equipment, consoles,
work benches, and machine stands), as well as for seat design.

METHODOLO(;Y: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONSjRECOMHENDATIONS: The trunk should be naturally upright
and relaxed; severe bending of the spinal column should be
avoided. The choice of and ability to change posture should be
available to the seated operator. Body weight transmission to
the seat should be through the buttocks, not through the thighs.
A backrest should be provided. The paper recommends the
following shapes ana dimensions for seat design;

(1) Seat height: The height is correct if thighs are horizontal,
lower legs vertical and feet flat on the floor. The
seat height should be adjustable between 40 and 50 cm.
above the floor or foot rest pan.

(2) Seat width: The seat width should be approximately 40 cm.
(3) Seat depth: The seat depth should be approximately 40 cm.
(4) Seat pan slope: The slope should be adjustable ± 60 about

the horizontal.

(5) Seat pan shape: Pronounced shaping should be avoided as it
tends to limit variations of sitting posture. The seat
pan should be upholstered stiffly, giving not more than
2.5 cm. The front edge should be rounded with a radius
of at least 2.5 cm.

(6) Backrest: For lumbar support only, the backrest should be
approximately 32 x 18 cm. The backrest should be slightly
concave toward the sitting person in the top view, and
slightly convex in the side view. It should be tiltable
+ 15 against the vertical about a horizontal axis in
the lumbar region. 'The lower edge of the support should
be betwean 8 and 15 cm. above the seat.
.or a full-sized b,, :krest, the 12 cm. over the seat pan
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should be open or recessed. The backrest should be at
least 38 cm. wide. The most forward protruding part
should be 18 to 20 cm. above the seat pan. The backrest
may rise up to shoulder height, 50 to 60l cm. over the
seat.
The manual work area and leg room recommendations for
the neated operator Include the following:

(1) Leg Room Width: Minimum 40 ca. Desirable 65 c:n.
(2) Leg Room Depth: Minimum 30 cm. Desirable 65 cm.

(3) Leg Room Height: Minimum 60 cm. Desirable 75 cm.
(4) Foot Room Depth: 65 cm.
(5) Foot Room Width: Minimum 40 cm. Desirable 65 cm.
(6) Foot Room Height: 25 cm.
(7) Horizontal distance of work area

from front edge: 15-30 cm.
(8) Height of top surface: Minimum 65 cm.
(9) Height of work area: 65 - 100 cm.

The recommendations can only be considered as guidelines
which, generally, will help to avoid blatant mistakes
and help put the designer on the right track.
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CATEGORY: SEAT DESIGN, WORKPLACE DESIGN

AUTHORS: Kroemer, K.H.E., & Robinette, J. C.

TITLE: Ergonomics in the Design of Office Furniture: A Review of
European Literature.

CITATION: Wright-Patterson Air Force Base, Ohio. Aerospace Medical
Research Laboratories, 1968. AMRL-TR-68-80. Also published inIndustrial Medicine and Surgery, 1969, 38, 115-125.

RATIONALE: The body posture of sedentary workers, especially in
offices, and of school children has long been a concern of
orthopedists and physiologists. Complaints about lower back
pains are widespread among people who commonly work in the
sitting position. This report reviewed the European litera-
ture relevant to body posture of sitting persons and to the chairs,
desks, and tables they use.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: The following general recommendations
for the sitting postures, hence for furniture design, were ab-
stracted from the literature:
(1) The trunk, including neck and shoulders, should be in a

natural, upright, but relaxed posture. The spinal column
should not be bent severely and, especially, kyphosis of
the lumbar spine should be avoided.

(2) The seated person must be able to choose and change his
body posture. No body posture can be maintained inde-~finitely, as even the most comfortable position becomes
unbearable after some time. Enforced posture generally

occurs if the head (eyes) or the hands or feet (controls)
, must be kept in certain positions, or if the seat surface

is small or distinctly shaped.
(3) The body weight should be transmitted to the seat surface

mainly through the buttocks. Weight transfer through the
thighs should be avoided. The surface of the seat should
have flat upholstery in order to distribute the pressure.

(4) A back rest should be provided so that the sitting person
can lean back temporarily at least. This enables him to
relieve some weight from the spinal column.

(5) The height of the seat should be adjusted so that both feet
can be placed firmly on the floor while the thighs are
horizontal. The angle between thighs and trunk should be
greater than 90 degrees.

(6) Chair and desk (or table, stand, etc.) should be treated
as a unit. The height of the desk should be derived from
the height of the seat surface.

0
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The report emphasizes the following dimensions:
(1) Seat surface height - The height of the seat should be

slightly less than the distance from the floor to the
popliteal area of the seated individual. The seat must
be adjustable so that each person can choose the proper
height.

(2) Seat surface shape - Distinctive shapes of the seat sur-
face limit zhe number of possible variations of the sit-
ting posture. A generally horizontal seat having a
slightly concave curvature in the center appears to he
most suitable. This concavity facilitates sitting in
the center of the seat, prevents the buttocks from slip-
ping off, end still permits various postures. A flat,
stiff upholstery that gives way only a few centimeters
under the weight of the body is frequently recommended.

(3) Seat surface breadth - The seat may be an broad as rea-
sonable.

(4) Seat surface length - The seat length must not be exces-
Give. If the seat is too long an individual tends to
sit on only the front part to avoid pressure on his
thighs near the knees. Consequently, he will not use
the backrest.

(5) Backrest - Just above the seat surface, the backrest
should either have an open space or recede so that tae
sacrum can be pushed back and lumbar contact made with
W.e rest. If free mobility of the shoulders and arms
is necessary, only the lower part of the back can con-
tact the backrest. A lumbar back support can be provided
by a small back rest, the up. er edge of which is not more
than about 35 cm. and the lower edge approximately 12 cm.
above the seat surface.

(6) Surface of the desk should be about at elbow height.

V¢
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CATEGORY: SEAT DESIGN, CONSOLE DESIGN, AND WORKPLACE DESIGN

AUTHORS: Kubokawa, C. & Woodson, W.

TITLE: Databook for Human Factors Engineers Vol I: Human Engineering
Data.

CITATION: Man Factors, Inc., San Diego, Cal., Nov. 1969, (NASA-CR-
114271).

RATIONALE: The paper relates typical human engineering data useful
in determining optimum design characteristics of equipment operated
or maintained by human operators and/or maintenance personnel.

METHODOLOGY:

PROCEDURES: Equipment design dimensions were based on the follow-
ing anthropometric surveys. Hertzberg (1950), U.S. Army HEL-STD-
S-3-65, and U.S. Army QM-TR-EP-150.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

Chair Dimensions Fixed Adjust
(1) Arm rests

(a) length 10 in. + 2 in.
(b) width 2 in.
(c) height 8.5 in. + 2.5 in.
(d) separation 18 in.

(2) Seat
(a) width 16 in.
(b) height 18 in. + 2 in.
(c) depth 16 in.

(3) Backrest
(a) space 6 in. + 2 in.
(b) height 15 in.
(c) maximum curve 4 in.
(d) width 16 in.

(4) Footrests
(a) from center 7 in.
(b) width 6 in.
(c) length 10 in.

(5) Minimum clearance requirements
(a) kneehole depth 18 in.
(b) kneehole width 20 in.
(c) kneehole height 26 in.
(d) desk to wall 32 in.
(e) lateral work clearance

(1) shoulders 23 in.
(2) elbows 25 in.
(3) best overall 40 in.
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(6) Desk or work surface dimensions Min Best
(a) height 29 in. 30 in.
(b) width

(1) elbow rest alorve 4 in. 8 in.
(2) writing surface 12 in. 16 in.
(3) desk work area 36 in.

(c) length 30 in.
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CATEGORY: SEAT DESIGN AND CONSOLE DESIGN

AUTHOR: Langdon, F. J.

TITLE: The design of card punches and the seating of operators.

CITATION: Ergonomics, 1965, 8, 61-68.

RATIONALE: Comfortable seating of machine operators depends upon chairs
of anthropometric design, capable of adjustment, but also on the shape
and dimensions of the equipment itself. This study provided data on
the design of card punches and on the seating arrangements in the card
punch room. User assessment ol comfort is also presented.

METHODOLOGY

SAMPLE SIZE: One hundred forty-two female punch operators were used.

POPULATION CHARACTERISTICS: The subjects worked in 7 locations. The
ages of the subjects ranged from 16 to 45, although 90% of the samples
were between 16 to 25. The mean height of the subjects was 64 in.
(unshod).

PROCEDURES: Several measursments were taken (e.g. seat height, height
of keyboard, etc.), along with responses to a questionnaire.

APPARATUS: The chairs' heights were adjustable between 15 to 24 in.
The height and rake of the backrest were also adjustable.

SIGNIFICANT RESULTS:
(1) The mean height of the leading edge of the seat was 19.23 in.
This was higher than a conventional office chair (18 in.) and a chair
conforming to British Standard 3044 (17 in.).
(2) There does not appear to be any relation between the height of
the operator and the height of the seat, as well as the height of the
seat and type of shoe worn.
(3) The seat height was highly correlated with the height of the keyboard.
(4) he height of the elbow and the height of the keyboard were highly
correlated.

CONCLUSIONS/RECOMMENDATIONS: The factor which determines the height to which
the seat was set was the height of the keyboard. The reason why the
seats of the chairs were so far from the floor was that the

t keyboards of the machines were too high for the operator to be able to
depress the keys easily, while sitting on a chair with the seat low
enough for her feet to rest upon the ground. It would seem, in prac-
tice that the majority of operators rate the need to deminate the
keyboard above the desire for a comfortable posture.

J4
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CATEGORY: WORKPLACE DESIGN AND REACH ENVELOPE

AUTHORS: Laubach, L. L. and Alexander, M.

TITLE: Arm-reach capability of U AF 'ilots as affected by personal pro-
tective equipment.

CITATION: Aviation, Space, and Environmental Medicine, 197j, , 377-386.

RK'IONALE: To determine the effects of protective equipment of pilots

on arm-reach envelope, pilots were measured on at. arm-reach appara-
tus under two conditions: maximum protective gear assembly with locked

inertial-reel shoulder harness and shirtsleave assembly with unlocked

inertial-reel harness.

METHODOLOGY:

SAMPLE SIZE: Thirty-two pilots, selected to approximate USAF age,

height, and weight tables for flying personnel, were used.

CLOTHING: Subjects wore maximum flying protective assembly versus
shirtsleeve assembly.

PROCEDURES: The reach envelope of each pilot was measured under two

experimental conditions: (I) Shirtsleeved with the inertial reel
unlocked and (2) Complete winter flying assembly with inertial

reel locked. Procedure was as follows: The subject was strap-
ped in the seat with lap belts and shoulder harnesses. The

vertical knob panel was preset at an angle chosen randomly.

With the appropriate arm and hand, the subject reached first for

the knob located 15 cm. above the deck. After pushing the rod

to arm's length, the subject turned the knob to the right

a quarter turn using a thumb/forefinger grip. After the distance

was recorded, he proceeded to the next knob 15 cm. higher and
continued the procedure until all 10 knobs had been pushed and

turned. The vertical knob panel was then moved to a different
angular position and the procedure repeated until all seven
angular and two crossover reach positions were completed.

APPARATUS: The apparatus consisted of a seat adjustable ±6.35 cm.

along a 130 back angle from the neutral seat reference point (SRP).
The seat was equipped with an adjustable shoulder restraint

harness and lap belts. An overhead boom was mounted above the

seat and anchored to the frame of the measuring apparatus. It

rotated horizontally about an axis through the SRP through an

arc of 1800 forward of the seat (90 to the right and 900 to the
left) with stops at 300 intervals. Located on the horizontal
arm of the overhead boom was a measuring scale with its origin

directly vertical to the SRP. A vertical rod was attached to
the horizontal arm of the overhead boom and was capable of
fore-aft movement. Standard control knobs mounted on the ver-

tical rod were spaced 15 cm. apart beginning 15 cm above the deck

and extending to a height of 152 cm. above it.

A-89

4



SIGNIFI,'ANT RESULTS:- This article contains numberous tables and figures
depicting the arm-reach capability of pilots in both shirt-sleeve and
full flying gear. Reach data is given for the following 9 angles:
90o, 60 , 300, -30(' (for both left and right arms)and for 00 (preferred
..and); and the following heights above the deck: 15 cm., 31 cm., 46 cm.,
61 cm., 76 cm., 91 cm., 107 cm., 122 cm., 137 cm., and 152 cm. This
yi.lds i total of 180 data points for each subject. The tables give
tite following information for both arms of the shirt-sleeved, unres-
trained and flying gear, restrained conditions: 5th percentile,
mean, standard deviation, and the 95th percentile. In addition, fig-
tres depicting the reach envelopes for various heights are included.

CONCLUSIONS/RECO :E11 NDATIONS: The results of this study lead the authors

to the following conclusions:

(I) There are significant statistical and practical differences in
arm-reach capability of pilots between the shirt-sleeved and the
maximum flying assembly conditions.

(2) For all practical purposes, the differences betueen the right
and left arm reaches throughout most of the spatial envelope are
negligible.

(3) For the arm-reach locations investigated in this study, the
angular positionc of 90o and 600 at a height above the deck
from 46-91 cm. would seem to be optimal in terms of absolute
arm reach.

A
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CATEGORY: SEAT DESIGN

AUTHOR: Le Carpentier, F.F.

TITLE: Easy chair dimenbions for comfort--A subject approach.

CITATION: Ergonomics, 1969, 12, 328-337.

RATIONALE: The present study was concerned with the physical dimensions
of the chair only. The objectives were to determine the optimum
values for the dimtnsions of easy chairs for the user population and
to arrive at figures which will help designers of easy chairs to
achieve a better fit for the majority of users.

METHODOLOGY:

SAM"LE SIZE: Twenty Is were used.

POPULATION CBARACTERISTICS: Ten males and ten females were selected
on the basis of stature and age so that the average stature of the
group was close to that of the British adult population ano half the
men and women were younger thpn 40. Anthropomet±ic measurements
were: Popliteal height--mean-16.3 in., S.D.=l.0 in.; !nee to but-
tock length--mean-18.4 in., S.D.-l.4 in.; Seate4 elbow height--mean-
8.7 in., S.D.-1.l in.

PROCEDURES: Sa sat in the chair for periods of up to three hours,
and at intervals adjusted each dimension to the level which by his
judgment matched a written criterion of comfort supplied by the E.
The S's task was either to read or watch television.

A APPARATUS: A specially constricted chair was used. Four chair
dimensions (height of seat, seat depth, seat tilt, and seat to back-
rest angle) were independently adjusted by the S operating switches
built into the arm of the chair, which actuated four reversible
electric motors built into the chair. Armrests and headrests could
be adjusted manually by the E. The seats and armrests were foam
padded. The headrest measured 15 x 8 In.; seat ana Ldckrest width
was 21 in.; armrest separation was 22 in., height of the top of
backrest above the unloaded seat was 21 in.

SIGNIFICANT RES'LT: The Ss, on the average, preferred the seat 0.5 in.

deeper thaiF-their "back of knee-buttock" length. The Ss, on the
average, preferred the front of the scat 1.5 in. lower than their
"floor to underside of thigh" length. A higher seat front was pre-
ferred by the women than by the men

CONCLUSIONS/RECOMHENDATIONS: Men preferred a horizontal or lounging
posture while the women preferred to sit tsore upright and with a
steeper seat tilt angle. The absence of correlation between the
preferred dimensions and the corresponding anthropometric measure-
ments for seat height and seat depth suggests that the significaut
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negative correlation between preferred 
seat height and preferred

seat depth was due to personal choice 
factors other than the simple

anthropometric ones.

Dimensional values recommended for 
easy chairs:

Males Femrles

(1) Height of seat front (inchet) 
15 16.5.118 .5 18 .5

(2) Seat depth (inches) 1.5 18.5

(3) Seat tilt angle (degrees) 9.0 12.0

(4) Seat to backrest angle (degrees) 113 105

(5) Backrest rake angle (degrees) 
121.5 117.0

(6) Armrest height above seat (inches) 6.5 6.5

(7) Headrest center in front of back- 
2.5 2.5

rest plane (inches)

(8) Headrest angle forward from back- 
8 8

rest plane (degrees)
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~AIJ5'I:WORKPIACI DRAIrnN

j&jjjMj Less, M., Kickelborg, W.W.P., & Paigi, 3.

TITL.I Kffecis of work surface angles on productive efficiency of
females on, a simple manual task#

CITaTIO~t ferceptual gad Mqtq. ftJjle 1973, 1, '.31-436o

PAfl.M6Jat The paper Investigated the effects of work surf ace sagles
on produrtion efficiency of a simple uant.'l taesk by feales.

SAI91. RIZj~: Twelve fena,s college. students wore used.

POPWWTXON CIAACTEUB TiZCS: The subjects ranged in age from 19
o 2,in weight frm112 to 132 lbs.. and In height from 5 ft.
2 In. to 5 ft. 10 iu.

ZROg O&E~ The task required the movement of two target pieces,
symmetrically and simultaneously, from the starting coint of the
near targats to the lighted for targets, placing them within .3
In. of the center of the target diameter. feedback was provided
by an audible tone. The rate of the task was kept constant at
3 seconds per cycle. Two hundred trials ware administered at

each angle with a 3 minute rest period between blocks of 50trials. Between each block of 200 trials, a 10 minute rest
period was provided.

P S The table helpht was 2 In., measured from the floor
to t emtic ceutor of the work surface. The distance of
the work atation from the go was not so that the angle of abduc-
tion of the arm was 00 at the start position. The distance was
measured as the horizontal component from the center of the
biacromial distance to the geometric center of the work surface
and It was kept constant. Work aurface angles, as measured
from the horizontal, were 0', 60, 12%, and 150. So were seated
on an improved ty.a of standard industrial. chair. The chair
was placed along the longitudinal axim from the center of the
work surface. The Variable Tracking Device required So to move
two small cylinders .44 In. in diameter and o19 in. higth, from
two proximal light targets to two distal light targets, and
return in a 3 second cycle. The near targets were separated
by a distance of 2 In., while the far targets were 10.5 In.
from their respective near targets on a line angled at 300 from
the central longitudinal axis. The far targets were separated
from each other by a horizontal distance of 13.5 in.



SIMNIFICANT RESULTS: Results indicated that the mean score when the
work surface was at a 120 angle was significantly higher than
when the work surface was positioned at the 00 angle, while the
120 angle work surface mean was higher (p <.10) than when the
work surface was set an angle of 180 from the horizontal.

(;ONCLUSIONS/RECOMMENDATIONS: Tt was concluded that, with untrained
college females, production efficiency at a work surface angle of
120 as measured by the ability to accopiplish a simple manual task,
both accurately and at a relatively high speed, was superior to the
task performance when the work surface was positioned at the 0° or
the 180 angle.

33-¢

A- )4

AA



CArECORY.: ANTROPOMETRY

AUTHOR:, Lewin, T.

TITLE: Anthropometric studies on swedish industriel workers when

standing and sitting.

C I A'ION: Ergonomics, 1969, 12, 883-902.

RATIONALE: Knpwledge of the working space required in standing and

sitting postures is of fundamental importance for the design of

correct ergonomic working postures. In Scandinavia there is a
lack of anthropometric data on standing and sitting body postures
for idustrial employees. This paper reports the measurement of

certain anthropometric dimensions of Swedish inoustrial wurkers.

METHODOLOGY:

SAMPLE SIZE: Eighty-seven males and seventy-seven females were

used.

POPULATION CHARACTERISTICS: The ages of the subjects were 25 to

49. The subjects were selected using a random sequence from all

employees in this age group at the Swedish Ball-Bearing Company
(SFK) in Gothenburg.

PROCEDURES: An anthropometer was used for measurements on standing

subjects. An apparatus consisting of an adjustable seat combined
with two anthropometers, one tor vertical and one for horizontal

body movements was for measurements on the sitting subjects.

SIGNIFICANT RESULTS: Men have significantly higher means for the

majority of heights above the floor or the seat. Height of seat

increases more rapidly in women than in men with increasing distance
between elbow and knee-joint. Women tend to have a larger increase

in seat depth with increasing height of seat.

CONCLUSIONS/RECOMMENDATIONS: Since the standing heights of men are

significantly higher than women, men and women appear to have
essentially different requirements for the design of work place

layout. Since women have relatively higher elbow height in stand-
ing than me, work tables should be higher for women than men of
the same stature. Also, women require a larger depth of seat

than men of same stature. This paper compared the present
anthropometric dimensions to Akerblom's dimensions (dimensions top

of knee and angle of knee to floor, as well as eye to seat and

neck to seat). Akerblom's dimensions were significantly higher

in terms of means than the SFK series, the exception was the eye
to seat dimension in women. Differences were discussed in terms

of different measuring techniques and differences in the composition
of groups.

A-95



CATE("KY: S-AT I i' AND WORKPI.ACI, DESIGN

AI;I/OP: •c.undervol d, A.

TI'L l : Electromyogrcphlh Invedtigationu during typewiltJng.

cITrION: Ergonomics, 1958, 1, 226-233.

RATIONALE: By recording electrical nctivIty (FMG), It Is possible to
determine which muscles participate in movement, when they are

ccitracted, and, to a limited e>tent, the force of contraction.
This paper reviews some experiments which were carried out in order

Lo Investigate the most sjitable position for working.

METIIODOI.O(Y:

PROCc:!ntIRES: Subjects wire allowed to adopt! the position they them-
selves found most cotfortable when sitting on a chair having o
iorlzuntal seat. The he ght of the seat above the floor was ad-
justed no that the typist sat with the ent-tre sole of the foot

pla ted on the floor with the knee bent at a right-angle.

APPARATUS: Electromyograms werc recorded by means of a two-
channel differential electromyograph and also wich an eight-
channel electroencephalograph. Both needle electrodes and surface
electrodes were used.

SI(CNI'ICANT IL,.SwI.fTS: It was found that a number of the Subjects could
mulutitla their posture fox ii short time, without ar." action poten-
t lh-, beting recorded In the i tap.z lts, ]8tt3 slmitt doral, and the

ici ocpinal Is muscles. In a] I nublectb, after a .ongei or shorter
period, a continuous series Lf motor unit potentials were recorded.
The action potentials in the muscles appeared, at first, in bursts,

which gradually increased in duration, so that the corresponding
"silent" periods between bursts diminished and finally disappeaxed.

The length of time before the beginning of the continjous electri-

cal activity in the dorsal muscles was decreased by the following
procedures:
(1) Raising the seat of the chair, so that the feet of the writer
did not reach the floor.
(2) Loweriag the seat of the chair so that the right-angle formed

by the knee became an acute angle.
(3) Changing the slope of the seat so that the writer was on the
point of slipping.
(4) Crossing the knees.

(5) Sitting in an erect "nilitaiy" position.
(6) Leaning forward.
(7) Performing a rAk in sitting positlon.
(8) When the perE,,-, tested was tired.

S(9) When the chair was unsteady owing to easy movable castors on
the legs.
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The continuous muscular activit) could be stopped for a longer
or shorter period in the following ways.
(1) When the writer changed his or her position on the horizontal
seat.
(2) When the angle formed by the knee was altered, provided that
the entire sole of the foot, in the new position, rested on the
floor.
(3) By minor flections or extensions of the spinal column.
(4) By the use of the back-support, expecially in the lumbar
region. The smallest number of action potentials were recorded
when the person undergoing the experiment was sitting in a relaxed
and well-balanced state of equilibrium, or was using a back rest.

i
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CATECORY: ANTHROPON!ETRY, SEAT DESIG3N, AND REACH ENVLLPJ("

AUTHORS: McFarland, R.A., Damon, A., & Stoudt, H.W., Jr.

TITLE: Anthropometry in the design of the driver's workspace.

CITATION: American Journal of Physical Anthropology, 1958, 16, 1-23.

RATIONALE: The present :.aper is concerned chiefly with the anthropometric
aspects of physicai anthropolopy. The paper consists of a summary of

two larger publications (McFarland, Damon, Stoudt, Moseley, Dunlap
and Hall, 1953; Mcl-arland, Dunlap, Hall] and Moseley, 1953).

METHODOLOGY:

SAMPLE SIZE: Three hundred-sixty commercial bub and truck drivers
were used.

POPUIATION CHARACTERISTICS: Two hundred subjects were from New
England and New York; 60 subjects were from other states.

PROCEDURES: Thirty-two measurements pertinent to vehicle design
were used.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: Anthropometrically determined dimensions
of the cab area are determined from two different types of measure-
ment of the htunan body: (1) static body measurements which consist
chiefly of clearances (i.e., they are easily determined from a single
body measurement and are applicable without modification to all
workplaces) and (2) dynamic hunman body size based on functional boC,
measurements (a.g., functional reach may differ significantly from
anatomical arm length).

Cab dimensions related to static human body size include:

(1) Distance from seat to roof should be a minimum of 40.25 in.
between the top of the seat cushion and the bottom of the
cab roof (if seat is adjustable vertically, a minimum of
40.25 in. from the lowest position and it minimum of 36.25
in. from the highest position).

(2) Distance from the top of foot pedals to the lower edge of
steering wheel should be a minimum of 15 in.

(3) Distance (horizontal) from lower edge of steering wheel to
seat back should be a minimum of 15 in.

(4) Breadth of cab seat should be a mini-mui of 19 in.
(5) Seat depth should be approximately 17 in.
(6) Height of seat front above floor should be a minimum of 15 in.
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(7) Range of vertical seat adjustment should at least be
adjustable to 4 in. increments of 1 in. cr less.

(8) Range of fore-and-aft seat adjustoent should be 6 in. in
incremants of I in. or less.

Cab dimensions related to dynamic anthropometry include:

(1) Seat locations
a) Vertical seat location - range of 4 in.

b) For&-and-aft seat location - range of 6 in.
(2) Placement of foot controls

a) Clearance forward of pedals.
b) Lateral distance between pedals.
c) Lateral clearance for knees.

(3) Placement of hand controls
a) No satisfactory way of predicting functional arm

reach from anterior aru length.
b) Body dimensions most pertinent include: height,

weight, anterior arm reach, normal sitting, eye

height, trunk height and shoulder breadth.
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AUtII: McFarland, R. A.. Dhunlap, I. W., Hall, W. A., I Hoseley, A. I..

Tuin it. imaigi Vitttorn I .11fle ILI! . f I11 XM1' _4Ztw!- Ir ,lz li. ,io . I nI .... .. ._D -R.OW I.ilh aj. 'j n p.r Jl|m f

: II'A' II IIN : lIoNton, HaN,4iteIH i oi I i rvo rl Strhiool ol P11 I llc IluiaI l l / * i 1

KAI'IINAI.hI: The prlm/nry ohj.tlvu of this program was to Improve safety
.i1I eIflk.ionvy in oporating Pl types of vehicular equipment. 'lie
ptirpomte tr thin report was to summarize the design features of .,he
v.ohH nf repre entative trucks lit current use. F.ach of twelve
veIIvIle were considered both in terms of their suitability for the
drlvters who must operate them and possible accident inducing features
ihiarn,.t In the design.

I'R((:I'f)EIRIS: Informanttio was gaithertod on each vehicle by following
a htrnI lled procedure.

I ICANT RSUII.TS: N/A

(:ON.(I.IsfON/RECOI4ENDATIONS: Seat hei,'ht is always a crittcal factor in
leg rom, freedom, reflex time and ratfiue. The height of the seat
front ahove the floor in the 12 vehliles rangeuI from 12.5 in to 18.5
I1,. Thu sent width ranged from 17.5 In. to 55 In. 'The seat depth
riing..d from 16 In. to 20.5 In. The height of the sent back ranged
I'eam 11.25 In to 21 in. The wJitl of the seat bnck ranged from
17.' It to 70 in. For seat ad'ast:,l itty, the paper recommends
i Iva..t 4 In. for nccommodating the middle 902 of the driver popula-
thi wIth regard to an optimum eye level for visibility. The maximum
height of the front of the occupied seat above the floor should be
IS In., there..fter downward adj,,stnllility becomes desirable. Other
aspects of human sizing which are Important in vehicle desi.n, but
most often neglected are (1) anterior arm reach, (2) knee height,
(1) fm., length and breadth, (4) hand length, (5) buttock-knee
length, (6) nbdomen depth, and (7) knee depth.
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CATEGORY: SEAT DESIGN

AUTHORS: Mohr, G.C., BrInkley, J.W., Kazarian, L.E., & Hillard, W W.

TITLE: Variations of spinal alignment in egress systems and Lheir effect.

CITATION: Aerospace Medicine, 1969, 40, 983-988.

RATIONALE: The study waa conducted to investigate quantitatively the
influence of seat geometry and personal equipment design factors
on the intrinsic spinal curvature and vector relationship with
the catapult thrust axis.

METHOuLOGY:

SAMPLE SIZZ: Nine subjects were used.

POPUIATION CHARACTERISTICS: The subjects were representative of
the 5th, 50th, and 95th percentile sitting-height individuals.

APPARATUS: The roentgenometric investigation was accomplished
using a Picker clinical x-ray unit. Two seats were used, the
RF/F-4C seat which refers to the H-5 model, and the F-105.
The angle between the seat pan and backrest of the F-4 seat
measured approximtely 115" whereas for the F-105 seat this
angle was approximately 97e

.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/REO -MM-,ATIOmS: The study concluded that one of two
lumbar pad cushions should be added to the seat. The lumbar
pad cushion should either be 2.5 cm. thick or 7.5 cm. thick.
Within the sample limits, a significant relationship of anthro-
pometric dimensions to spinal position was not established.
Spinal curvature was significantly altered by the F-4 seat
backpad design.
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CATEGORY: ANTHROPOMETRY

AUTHOR: Morant, G.M.

,TITLE: Anthropometric problems in the Royal Air Force.

CITATION: British Medical Bulletin, 1947, 5, 25-31.

RATIONALE: The measurements taken In this study were Oesigned to
assess the space occupied b) the body in different positions,
rather than the proportion of 11.s anatomical parts.

APPARATUS: Stature, sitting height, length of arms and legs were

taken with the aid of a measuring board. The two wings of
the board were fixed so that they were perpendicular to one

another. Horizontal and vertical scales with 0.5 in. (1.25 cm.)
intervals were marked on them. In finding body-girths, a

constant pressure tape wqs used.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: By themelves, the body measurements
cannot give any precise answei to the question of what the major
dimensions of a cockpit should be and of where the controls can

best be placed. These questions can only be investigated

satIsfactorily by carrying out experimental investigations.
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CATEGORY: SEAT DESIGN

AUTHORS: -organ, C.T., Cook, J.S., Chapanis, A., & Lund, M.W.

TITLE: Human Engineering Guide to Euipment Des i n.

CITATION: New York: McGraw-Hill Book Company, Inc., 1963.

RATIONALE: Seats should vary in design according to their intended
purpose and the physical characteristics of their Leers. All
seats should accommodate as many of the user population as possible.
It should be remembered that good seating design is generally low
in cost compared to the total equipment cost per operator, but it
can be a very important factor in operator efficiency.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CON CLUSIONS JCOMMENDATIONS:
Cl) Seat pan shape: Most seat pans should be flat rather than
shaped. If the occupant is virtuall immobile for many hours, seats
with cut-outs or depressions under the boney protul'erances are
more comfortable and efficient than flat seat pans.
(2) Seat pan upholste,-: The seat pan should be cushioned with 1
to 2 in. of compression.
(3) Seat height: For the general purpose seat, the height should
be 15-16 in. If forced to choo,'.a between too low and too high a
seat, the lower should be choser.

(4) Seat length: The best 6eneral-purpose seat length is about
17 in.

(5) Seat width: A reasonable dimension for seat width is 18 in.
Any width below 17 in. is too small.(6) Seat pan an~le: The best seat pan angle Is around 6 0-7 0

although the range usually varies from the horizontal to 120.
(7)Backrest height: For back support, the backrest should
extend at least 18-20 in. above the seat pan. For head support,
the backrest should be 34 in. high. A small-of-the-back support
Is provided by a backrest 5-6 in. high that has its bottom edge

6-7 in. above the seat pan.
(8) Backrest width: For the small-of-the-back support, a width

of 12-13 in. will suffice. Where the seated operator can rest or
relax, at least a 20-11. wide backrest will provide full support
across the shoulders.
(9) Backrest angle: A backrest inclined 103 0to 1150 will be
comfortable.
(10) Backrest curvAt,,re: A amll-of-the-back support should have
a lateral curvature equivalent to the arc of a circle 7.3 in. in
radius.
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(1]) Armrests: When armrests do not Interfere with neceasary
body movements, they should be provided to increase the operator's
comfort. The armrest height should be 8-10 in. above the seat pan,
but whenever possible, the operator's arm should be supported so
that it lies in the same plane as the work surface.
(12) Footrests: The footrest should allow each foot to be about
normal (906-1000) to the lower leg. If the footrest is at an angle
of more than 200 from the horizontal, a heel support should be
provided.

(13) Workplace clearance: For fore-and-aft clearance between the
backrest and the front of the knees, 26.5 in. will accomodate

almost everyone. A vertical distance of 12 in. is desirable
between seat and work surface, with a minimum of 24.5 in. between
the floor and the underside of the work surface.
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CATEGORY: ANTHROPOMETRY

AUTHOR: Moroney, W.F.

TITLE: Selected bivariate anthropometric distributions describing A
sample of naval aviators-1964.

CITATION: NAMRL-1130, Pensacola, Florida; Naval Aerospace Medical
Research Laboratory, 1971.

RATIONALE: Previous anthropometric surveys were limited to a consid-
eration of each anthropometric feature independently. Designers
also need knowledge of the interaction between variables. This
report extends data previously collected from 1549 naval aviation
personnel by presenting bivariate tables that illustrate the
relationship between selected variables.

METHODOLOGY:

SAMPLE SIZE: Measurements of 1549 naval aviation personnel
(Gifford, Provost, Lazo, 1964).

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: The paper concludes that since the indi-
vidual who is large (or small) on one dimension is not necessarily
large (or small) on all other dimensions, bivariate tables
(as a minimum) must be used when workspaces are being designed.
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CATEGORY: ANTHROPOMETRY

AUTHORS: Moroney, W.F., Kennedy, R.S., Gifford, E.C. & Provost, J.R.

TITLE: Selected Anthropometric Dimensions of Naval Aviation Personnel.

CITATION: Pensacola, Florida: Naval Aerospace Medical Research Laboratory,
August 10, 1971, NAMEL-1141.

RATIONALE: Physical and academic requirements for entrance into the fli!ht
program have changed since the previous study (Gifford, Provost, &
Lazo, 1964) of anthropometric features of naval aircrewmzu was conducted.
The present study was undertaken to determine if these changes, combined
with changes in the anthropometric features of the population in general,
have been reflected in the bodily dimensions of the naval aircrewmsen
trainees and compares these measures with data obtained from the Naval
Air Development Center (NADC) and the USAF Aeromedical Laboratory (AML).

METHODOLOGY:

SAMPLE SIZE: 6534 aviation training candiates were used.

POPULATION CHARACTERISTICS: The subjects were college graduates.
All subjects had to meet the following measurements as stated in
BUMED Instruction 6110.8: physical standards: minimum statire-
64-78 in.; sitting eye height - 32-41 in.; buttock-leg length - 36
50 in. All Ss were student naval aviators or student naval flight
officers entering training betwien Jan. 1969 and Aug. 1969. The
mean age of the subjects was 22.7 years.

APPARATUS: The apparatus included the Provost and Gifford (1964)
design of an integrated anthropometric measuring device as specified
In BUMED Instruction 6110.8. The device measured wdight, stature
(standing height), sitting height, shoulder width, trunk height,
bittock-knee length, buttock-heel length, and functional reach.

SIGNIFICANT RESULTS: Inconsistencies were noted in the measurement of
trunk height and functional reach. These were traced to unauthorized
modifications of the measuring device - therefore, no da,:a on these
measurements was included in the report.

Results show that subjects in the present sample differed from
the NADC sample in mean values as follows: (a) 4.2D lb. lighter,
(b) .21 in. taller, (c) sitting height - .48 in. taller, (d) shoulder
width - .90 in. narrower, (e) buttock-knee length - .45 in. longer,
and (f) younger than the NADC sample. The present sample differed
from the AL sample as follows: (a) 3.49 lbs. heavier, (b) l.OL in.
taller, (c) .82 in. taller In sitting height, (d) .92 in. longer in

........ ..... legt- , ... 14 , 4- nger lu..... - he l lenlgths, and
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(f) also younger. Significant differences (p <.01) were found
between the means for each variable except for shoulder width
which was identical for the present (NAMI) and AML samples.
Correlations were reported. As expected, stature correlated well
with segmental and limb lengths, while weight correlated well
with breadth and mass-related factors.

CONCLUSIONS/RECOMMNDATIONS: The difference in weight between NAMI and
NADC groups may be, in part, attributed to the selection process.
The majority of the NADC subjects were not c6llage graduates, as,
opposed to the NAM ample. It is thus reasonable to expect a
wider range in weight in the NADC sample and a higher mean weight,
since Stoudt, at. al. cites a study by the American College Health
Association which shows that college students had an average weight
of 3 lbs. less than noncollege students of the same age.

A smiliar rationale could explain the differences ia stature,
sitting height, and buttock-knee length between the NAMI and AML
groups. In addition to a general trend for the population as a
whole to become taller, Stoudt et. al. reported that college students
(of the sane age as the NAMI sample) are taller than noncollege
students of the same age group. Other differences are accounted for
in terms of the trend for the population to become larger and in
terms of the differences in the ages of the different samples.

-4
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CATEGORY: ANTHROPOMETRY

AUTHOR: Moroney, W.F. & Smith, M.J.

TITLE: Empirical reduction in potential user population as the result
of imposed multivariate anthropometric limits.

CITATION: NAMRL-1164. Pansacola, Florida: Naval Aerospace Medical
Research Laboratory, 1972.

RATIONALE: Workspaces, from desk top consoles to aircraft cockpits,
have traditionally been designed to accommodate the "average
man" (50th percentile on all anthropometric features) or in-
dividuals included within some specified range abcut the median
(5th through 95th percentiles; 1st through 99th percentiles,
etc.). This paper examines the impact of using pre-established
critical limits (anthropometric percentiles) as the basis of
excLuding individuals from the user population.

METHODOLOGY:

SAMPLE SIZE: 1549 naval aviation personnel measured on 96
anthropometric features from Gifford, Provost, and Lazo (1964)
were used.

PROCEDURES: Thirteen anthropometric features were selected that
were appropriate for use in automobile or console design.

SIGNIFTCANT RESULTS: Only 43.38% of the sample used in this investi-
gation had anthropometric features which fell within the critical
limits for the 5th-95th percentiles on all of the 13 variables.
Considerably more are included when the critical limits for the
3rd-98th percentilen are used - 67.74%. Thus, 52.62% and 32.26%
of the potential user population would be excluded if the critical
limits for the 5th-95th and 3rd-98th percentiles, respectively,
were stringently applied in workspace and equipment design.

CONCLUSIONS/RECOMMENDATIONS: To design workspace without an awareness
of the interaction between anthropometric variables ultimately
leads to a considerable reduction in the size of the accomodated
population. Consequently, it is important co consider the rela-
tionship between anthropometric features in determining anthro-
pometric compatibility. The authors propose a preparation of
bivariate data, which is not variable specific but which could
be used when the correlation between anthropometric features is
known.
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CATEGORY: ANTHROPOMETRY

AUTHORS: Moroney, W.F. & Snit, M.J.

TITLE: Intercorrelations and Selected Descriptive Stattstics for 96
Anthropometric Measures on 15A9 Naval Aviation Personnel.

CITATION: NAMRL-ll65, Pensacola, Florida; Naval Aerospace Medical
Research Laboratory, 1972.

RATIONALE: A previous report by Moroney and Smith (1972) showed the
need for designers to consider the correlations between anthrop-
ometric features when designing workspaces. This paper reports
the correlations between 96 anthropometric features.

METHODOLOGY:

SAMPLE SIZE: 1594 naval aviation personnel (Gifford, Provost &
7,aZo, 1965) were used in the correlations between anthrop-
ometric features.

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: An L'rlier report by Moroney and Smith
(1972) demonstrated an extreme redur'tion in potential user
population JAs a result of the use of pre-established anthropome~ric
percentile design limits. The elimination of such a considerable
proportion of the potential user population results from the fact
that variables used in establishing design limits are often only
moderately oorrelated with one another, and persons with extreme
values on one variable are likely to be near average on another.

The present paper provides the correlations between different
anthropometric features.
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CATEGORY: ANTIHROPOMETRY, SEAT DESIGN, AND WORKPLACE DESIGN

AUTHOR: Morrison, J.F.

TITLE: Design of machinery and protective equipment to take account
of static and dynamic anthropometrical measurements.

CITATION: The South African Mechanical Engineer, 1965, 230-233.

RATIONALE: Anthropometrical data are important in designing the seats
for drivers and operators, as well as in the desIgn and position-
ing of the controls and the arrangement of the instruction dis-
play. Dimensions given in this paper were from a sample of 200
laborers of a Bantu mine population and a population of American
flying personnel.

METHODOLOGY:

SAMPLE SIZE: Two hundred laborers of a Bantu mine population
were used as Ss.

POPULATION CHARACTERISTICS: The dimensions of the American male
population were from Hertzberg & Daniels (1950).

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(American population dimensions in parenthesis)

(1) Searing: The seat should be approximately 2 cm. lower than
the popliteal height of those with shorter legs. The mean
popliteal height for the mine population was 43 cm. (43) and
the fifth and 95th percentile measurements were 36 cm. (40)
and 45 (46) respectively (shoes and boots increase this
height 2.5 and 4 cm. respectively). Suitable seat depth is
40 cm. The seat should slope backwards 5 to 7 degrees.
Support for the lumbar region should be 13 cm. high and 20
cm. above the seat pad. The armrest from seat to elbow
should be 25 (27) cm. in heighth.

(2) Position of controls: The angle formed by the shoulder-41p
and hip-knee segments should not be less than 850 and not
more than 1050. If maximal pressure is to be supplied, the
leg should almost be in a straightened position. For slight
pressure, the upper limit of a 120* angle is generally
accepted. The height of the seat determines the positioa of
the foot controls. With a high seat the controls should be
placed nearer than in the case Gf a low seat. The mean
distance from the back of the seat to the heal when tho leg
is extended was 102 (109) cm the "th and 95th percentil-
was 91 (97) cm.
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(4) Working surface: At least 18 cm. should be provided between
the top of the seat and the edging underneath the table. A
minimum space of 90 cm. from the back of the seat to the
front of the toes is recommended. Workers were more efficient
when working on a work surface height which was 5 to 15 cm.
below the elbow height. The optimum speed in hand movements
was attained on a working surface level 7 cm. below the elbow
(McCormick, 1957). The mean elbow height of the Bantu popula-

tion was 107 (111) cm. The eye height, which was 157 (164)
cm. in the standing position and 75 (80) cm. in the sitting
poijition, is generally regarded as the maximum height of dis-
plays. The optimum space for controls lies between the
shoulder and knuckle heights, which were 139 (144) and 72
(76) cm. respectively above the floor.
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CATEGORY: si:AT DESIGN

AUIOR,%: Morrell, K. 11.

CITAII:, London: Chapman and lHal , 1969.

RATONALE: Most people at work are siL ing on seats which are badly designed
and generally too high. This review was based on two important considera-
tions: (I) a good seat should enable the user to change posture at
intervals so that different muscle groups may be called into play; at
the same time the use of a well designed and positioned back-rest may
relieve the back muscles of a good deal of postural work; (2) a good
seat should not press unduly on the tissue of the thigh which is not
designed to withstand pressure as i the tissue of the buttocks.

METRIODOI.OGY: N/A

lGNIF[CANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS:

(I) Seat height must clearly be related to the length of the lower leg
from the underside of knee to the heel (popliteal height) and to the
c'urvatuire of the thigh. An adjustable seat for females should range

from 14 to 17.5 inches, for mates the range should be from 15 to 18.5
Laches. A fixed height for females should be between 15 to 15.5 inches,
for males approximately i6.5 inches. A seat of fixed height to accom-
modate both males and females should have a height between 16 to lb.5
inches.

(2) Foot rests may be used to accommodate the smaller members to seat
height. The foot rest should be a flat surface rather than a bar,
which will cause fatigue by forcing the operator to keep his feet in
a fixed position.

(3) Seat depth should be sufficient to allow the buttocks to move
to permit changes of nosture but should not be so great that the

seat cuts into the back of the knee. The seat depth should be approxi-
mately 15 to 16 inches.

(4) The fronc edge of the seat should be curved to avoid having a
sharp edge to cut into the underside of the thigh.

(5) Seat width should be sufficient to allow a certain amount of move-
ment of the buttocks. Seat width should be E1 inches. If the seat has
arm rests, the seat should be 19 itiches wide.

(6) The arm rests should be 8.5 to 9 inches above the seat and should
ph roct I0 to 12 Inches forward It(in the back of the seat.
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(7) The seat pan should slope backwards 30 to 50,

(8) Shaped seats are undesirable.

(9) The back rest should be curved to a radius (,f about 16 inches
and should be sufficiently hioh to allow the buttocks to protrude
beyond the back rest when a person is sitting erect. The opening
should not be less than 8 inches above '.he seat. The depth of the
back rest should be about 4 to 8 inches and It should not be more
than about 13 inches wide.

(10) There should be no obstructions under the front part of the seat.

A
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CATEGORY: SEAT DESIGN

AUT|OR: Nisaley, H.R.

TITLE: A study of factory chairs.

CITATION: Hanagement Review, 1949, 38, 669-671.

RATIONALE: The paper reports a 2-year study of factory chairs involv-
ing leading chair mnufacturers and other plants. The study in-
volved Interviewlog plant managers. foremen and operators by a
questionnaire survey technique.

METHODOLOGY: N/A

VSIGNIFICANT RESTS: N/A

CONCLUSIONS/Rk.COMMENDATIONS:

(1) A main consideration in the selection and use of a factory
chair is "how comfortable is it?" A comfortable chair in-
cluded Lhe deep form-fitting seat which was greatly prefer-
red to the flat or slightly curved seat. A seat curvature
that approached the curvature of the buttocks was better
than no seat curvature at all.

(2) Aother consideration is "how safe is it?" Rounded, blunt
edges and corners were better than sharp pointed edges.
Bucket or saddle seats were safer than flat, polished
rounded seats.

(3) A third consideration is "it it easily adjustable?" Adjust-
ments were usually too restricted in most instances. For
example, the chair adjustment limit was usually 4 in. which
restricted the use of the chair to a few jobs of the same
type.

(4) The last consideration is "low maintenance costs." Any
chair rating high in those rharacteristics (a) will in-
crease production (by reducing fatigue. and frequent ab-
sence from work center); (b) will reduce accidents from
falls, scratches, and bruises; and (c) will save time and
patience of operators and foremen in making chair adjust-
ments particularly in multi-shift operations.

A
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CATEGORY: SEAT DESIGN

AUTHOR: Nissley, H.R.

TITLE: Is there an ideal factory chair?

CITATION: Mill and Factory, 1951, 49, 125-126.

RATIONALE: The paper reports a four-year study of factory chairs. The
study included 150 operators and 18 foremen and work managers.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCJUSIONS/RECOMMENDATIONS: The study recommended the following points
important to factory chairs:
(1) The chair should be quickly rdjustable (without tools) in

height.
(2) The backrest should have a horizontal (vertice.l) adjustment.

The backrest should have a lateral adjustment..
(3) The seat shuld be form-fitting.
(4) Footrests should be provided and they should be easily adjust-

able in height.
(5) The factory chair should be a combination aw:,vel and .ai-

swivel chair. The ideal factory chair would be one which
could be converted at the operator's will from a swivel to
a non-swivel without any sacrifice in safety.

(6) The backrest should have a small radius. The radii of con-
ventional oackrests ranged from 12 to 14 in. A backrest hav-
ing a radius of 9 in. was found to be ideal for both heavy
and light people.

.
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CATEGORY: SEAT DESIGN

AUTHOR: Nissley, H.R.

TITLE: Is there an ideal factory chair?

CITATION" Manag~n~nt Review, 1952, 41, 175-176.

RATIONALE: There are several considerations in the selection and
use of a factory chair. These include the following:

(1) How comfortable is it?
(2) How safe is it?
(3) Is it easily adjustable?
(4) What are th. annual maintenance Losts of the chair?

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECONMENDATIONS: An ideal factory chair for lower main-
tenance and higher productivity should include:

(1) An adjustable backrest-both vertically and laterally.
(2) Perforated deep bucket type seat plate.
(3) Vertical seat adjustment.

(4) A swivel, non-swivel screw.
(5) A vertical footrest adjustment.
(6) Hardened steel glides.
(7) Long chair feet to prevent easy tipping.
(8) Back rest of an 8-9 in. radius.
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CATEGORY: ANTHROPOMETRY

AUTHORS: Oshima, M., Fujimoto, T'., Oguro, T., Tobimatsu, N., Mori, T.,
Tanaka, 1. & Watanabe, T.

4TITLE: Anthropometry of Jananese Pilot.

CITATION: AMRL-rR-65-74, Wright-Patterson Air Force Base, Ohio, Aerospace
Medical Research Laboratory, 1965.

RATIONALE: The results of an anthropometric survey of ?39 pilots of the
Tapanese Air Self-Defense Force are presented. Comparisons with
the 1950 TISAF flying population are made.

METHODOLOGY

SAMPLE SIZE: St.bjects were 239 Japanese pilots.

PROCEDURES: 62 body dimensions 'qere measured.

SIGNIFICANT RESULIS:

Measurement Mean S.D.

Weight 61.12 kg. 5.86
HeIght 166.89 cm. 4.80
Cervicale height 141.16 cm. 5.08
Sitting height 90.78 cm. 2.62
Knee height 49.06 cm. 2.37
P1opliteal height 39.79 cm. 2.06LShoulder-elbow length 34.44 cm. 1.63
Forearm-hand length 44.38 cm. 1.73
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CATEGORY: SEAT DESIGN

AUTHOR: Oxford, W. F.

TITLE: Anthropometric data for educational chairs.

CITATION: rgon omi s, 1969, 12, 140-161.

',ATf;NAi A,: In 1965, an anthropometric survey was conducted to obtain 11
measurements ol 12,000 pupils of all grades, including 400 teachers.
Girls have reached 65% of their total stature at the age of 4, and
95% at the age of 11. After that, the average girl can expect to
grow an additional 8 cm. in height. Boys attain 60% of their total
stature at the age of 4, and 95% at the age of 15 and can expect to
gtow Iirth er 8 cm. In height.

MI-,TIOOI.O ;Y : N/A

S I ,NIFICANT RESULTS:

Seat to Seat to Popliteal to Heel to
Seat to scapula elbow Buttock popliteal
eye (cm.) (cm.) (cm.) (cm.) (cm.)Years Sex Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

13-14 female 71.2 3.6 41.2 2.7 22.6 2.6 44.9 2.6 39.4 1.8

male 68.7 4.6 38.4 3.2 21.6 3.0 43.7 3.0 40.6 2.4
14-15 female 72.8 3.4 41.5 2.8 22.8 2.4 46.4 2.7 39.5 2.1

male 73.0 4.6 41.4 3.2 22.9 3.0 46.7 3.0 41.9 2.4
15-16 female 73.1 3.2 45.2 2.5 22.6 2.4 47.0 2.7 39.6 2.2

male 76.9 4.3 43.8 3.0 23.7 2.9 47.9 3.2 43.7 2.4
16-17 female 74.0 3.2 43.1 2.1 23.5 2.7 46.9 2.7 39.5 1.9

male 79.3 1.9 45.4 3.5 25.0 2.8 48.Y 3.0 44.2 1.9
17-18 female 75.1 3.9 44.0 2.0 24.2 2.7 47.3 2.7 40.6 1.9

maie 80.) 3.9 46.6 3.! 25.8 2.9 49.6 2.7 44.2 3.0
18-19 female 74.7 3.0 43.8 2.1 23.6 2.7 46.8 3.3 41.0 2.2

male 80.1 3.6 46.1 2.9 25.3 3.4 50.3 3.5 44.3 2.2
19-20 female 75.5 3.2 44.5 2.6 23.8 2.7 46.3 3.2 40.1 2.2

male 80.8 3.5 46.3 2.7 24.9 3.4 50.5 3.5 44.4 2.3
Over 20 female 75.6 3.5 43.2 3.0 23.8 2.6 46.1 3.1 40.2 1.9

male 79.5 3.7 45.8 2.9 26.2 2.7 49.1 3.2 43.2 2.1

CONCLUS1ONS/RECOMMENDATIONS:
(I) The seat should be curved slightly at the front. Dished seats and

saddle seats restrict movement.
(2) Tables with sloping tops improve posture.
(3) Structural details are given for wood and metal tables and chairs
manufactured and supplied to schools by the Department of Education,
Australia (based on 1965 Anthropometric Survey).

Height of seat - 17.5 in.
Width of seat -14 in.
Depth of sert - 14.5 in.

Space between seat & back support - 8 i .

Depth of back sup:ort - 15.5 in.
The dimensionS are for the largest chairs to be use,' by the Dep-irtment
of Education, 4ustralia.
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CATEGORY: ANTHROPONETRY AND SEAT DESIGN

AUTHCRS: Rice, E.V. & Ninow, E.H.

TITLE: Man-machine interface: A study of injuries incurred during
ejection from U.S. Navy aircraft.

CITATION: Aerospace Medicine, 1973, 44. 87-89.

RATIONALE: The paper deteriined the correlation between body
measurements of injured and non-injured ejectees by seat and
aircraft model.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS RECOMENDATIONS:
(1) The median sitting height was found to be 36.7 in. The
majority of individuals with sitting heights below and above, as
well as in the median range, ejected without receiving a back
injury.
(2) It was found that 25% of those using the lower ejection
handle sustained injury as against 15% of the face curtain users,
fifty-six percent of the lower handle user's injuries were
incurred by individuals who were below the median in sitting
height. Functional reach was checked to determine whether a
short reach could force a pilot to lean forward, and it was found
that slightly more than half of the measurements were below 30 in.
which is approximately the 15th percentile. Apparently a below-
averaged-sized person runs less risk of injury if he uses the face
curtain.
(3) Median buttock-knee length measurement was established as
24.2 inches. No leg injuries were sustained by over 90% of those
in the low measurement ranges (22 in. and below). They comprised
14% of the population and received 7% of the total injuries. The:23 in., 24 in., and 25 in. group together represented 76% of the
population and received 75% of the leg injuries. Injuries
increased in the 26 in. group, but in the 27 in. group (consisting
of 10 persons) there was only one minor injury.
(4) It was concluded that extremes of anthropometric measurements
are responsible in only a few instances of significant injury, and
that poor body position and unfavorable ejection conditions, rather
than body measurements, are responsible for egress injuries in
the majority of ejections.
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CATEGORY: SEAT DESIGN

AUTHOR:, Ridder, C. A.

TITLE: Basic design measurements for sitting.

CITATION: Agricultural Experiment Station, University of Arkansas, Fayette-
ville, Oct., 1959, Bulletin 616, 91 p.

RATIONALE: This study sought basic design measurements (including variations

In size) needed to support adults in common types of sitting postures.
It's threefold purpose was to uncover: (1) The basic design measure-
ments for sitting,(2) The basic types of sitting positions,and (3)

The basic sizes for each of the types of sitting position.

METHODOLOGY:

SAMPLE SIZE: One hundred twenty-nine adults (58 men and 71 women)
, were used as subjects.

POPULATION CHARACTERISTICS: Height and weight of adults in the total
population was used as the basis for subject selection. An effort
was made to include a wide age distribution.

PROCEDURES: The position for each part of the chair was recorded for
each subject for each of the five types of chair activity: (1)
Dining (2) Writing (3) Playxn6 table games (4) Talking and (5)
Relaxing.

APPARATUS:. The experimental chair was designed to allow for the

greatest possible variation in heights, depths, slants, and
shapes of seats, backs, and armrests. The chair consisted of
three parts: seat, back, and armrests. The seat was made of
a series of aluminum plungers or pins inserted into carefully
calibrated holes drilled into a wooden base. Pins were capped
with circular rubber tips somewat concave in shape. A steel spring
Of five pounds strength was inserted between the wooden base and
the cap so that the plungers adjusted to the shape of the individ-
ual sitting on them. Each pin was designed to lock at what-
ever depth it was depressed. For the back, aluminum plungers
capped with rubber discs were boxed between two layers of wood
in a manner similar to the seat design. No springs were used
on these pins; they were adjusted by a person standing behind

the chair. The chair back was adjustable as a whole slant was
adjustable and the entire back could be moved forward er backward.
The armrests were adjustable :n height and in di3tance apart;
they could also be turned horizontally and vertically to suit the
person sitting in the chair.

SIGNIFICANT RESULTS, (Note:. Due to large amount of data reported by
Ridder, only the results for i': for dining, writing, and playing

* table games are reported here.)
Ridder found the following dim'no:4 and adjustments to be optimal:
(I) Seat Height should b(" ; ) in,'ies at the front lowest point; 17

inches at the front ilhgnest point (side); 14.2 inches at the back
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lowest point; and 16.5 inches at the back highest point.
(2) Slant of Seat should be one-half inch from the front to the back.

(3) Depression of Seat should be provided either by molding or by
pressure of the person seated. Depression should be as follows:
1 inch from side to lowest point at the frout and 2-1/2 inches
from side to the point of greatest depression toward the back
of the seat,

(4) Seat Depth should be 16.9 inches from the front to the back; 11.5
inches from the front to the point of lowest depression.

(5) Seat Width: The minimum seat width (if the sides are partially
enclosed) should be 17 inches at the front of the scat and toward
the back of the seat before the narrowing curve, which starts
about thrta inches from the front of the seat.

(6) Back ot Chair: ';eight should be 17.5 inches in a diagonal line
from the seat to the top of the chair back. Width should be 13.5
inches across the top and 10.0 inches across the bottom. Slant
should be 150 back from true vertical. Depth of chair back should
be as follows: At 1.5 inch intervals up the center of the chair
back starting 4.5 iches above the chair seat measurements should
be: 16.3 inches at 4.5 inches above the chairseat;

16.6 inches at 6 inches above the chairseat;
17 inches at 7.5 inches above the chairseat;
17.3 inches at 9 inches above the chairseat;
17.8 inches at 10.5 iches above the chairseat;
18.3 inches at 12 inches above the chairseat; and

18.7 inches at 13.5 inches above the chairseat.
The depth of the chair back must be considered in relation to
the depth of the chair seat.

(7) Armrest of the Chair: The single best width between armrebts
i& 20 inches between the inner edges. The best height is 8 inches

from the side of the chair seat. If the chair is to be used
with a table having an apron or desk having a shallow center
drawer, 7.5 inches should be left free back from the front of

7the seat to the front of the armrests.

CONCLUSIONS/RECONMENDATIONS:

(1) The three main types of sitting positions preferred by adults
were (a) the erect position, preferred near a table, a desk, or
other surface while dining, writing, or playing table games;
(b) the less erect more relaxed position preferred mainly for
conversation, listening, or viewing, and (c) the relaxed position
preferred while reading, watching TV or informal conversations.

(2) Seating preferences for three activities associated with tables
or desks (i.e. dining, writing, playing table games) were deter-
mined separately. It was found that the body positions preferred
and hence the basic design measurements for all three were very
similar.

(3) The following conclusions on the heights of seats were made:
(a) In applying these heights, it should be remembered that older
people and infirm people find it difficult to arise from chairs
that are low unless fitm arm supports are supplied.
(b) When seated, the body loses leverago as the seat height is
lowered. It is more difficult to reach or to handle materials,
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such as large charts, when sitting on a low seat than when
sitting on a high stool even though the relation of the table
height to the seated body is the same.

(4) The following conclusions concerning the depth of seats were made:
(a) Shorter seat depths make the back of a chair or sofa a real
support for the seated individual.
(b) Considering the depth of the seat, it should be remembered
that body leverage is lost as seat depth is increased; freedom of
leg movement ie lost as seat depth is increased; and limb movement
becomes difficult as the body weight increases.
(c) Individuals with heav7 limbs tend to prefer somewhat deeper
seats. Apparently since they cannot move their limbs easily,
they prefer to have more of their greater weight supported.

(5) It was concluded that greater comfort is obtaiied in a seat in
which it is possible to shift the weight of the body from time
to time. The basic design measurements allow an individual to
shift his weight back and forth in the seat.

(6) Since the proportions of the basic design measurements (stated
in the Rcsults section) are based on the proportions of the human
body, they should result in designs that are most pleasing both
functionally and aesthetically.
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CATEGORY: ANTHROPOMETRY

AUT.OR: Roebuck, Jr., J.A.

TITLE: Anthropometry in aircraft engineering design.

CITATION: Journal of Aviation Medicine, 1957, 28(1), 41-56.

RATIONALE: The paper provides a description of a program developed
by an airframe manufacturer (Douglas Aircraft) to compile and
apply anthropometric data. The purpose of the program was to
demonstrate requirements for an integrated, practical approach

to the problem of economically providing space for human operators
and passengers within the 3imitations of aircraft design.

METHODOLOGY:

PROCEDURES: The following are steps for the collection and use
of anthropometric data in aircraft design;
(1) Procurement of ba.,ic data.
(2) Reduction to standards.

(3) Engineering presentation.
(4) Design and development - Aid and interpretation.
(5) Production and aaler - consultation.
(6) Evaluation and recocding.

SIGNIFICANT RESULTS: Emphasis was placed on the importance of the
means of communication of anth.:opometric data to engineers, in
terms of design applications. The paper also discussed
standardization of data accumulated from diverse sources and the
development of some detailed statistical techniques for estimating
unmeasured dimensions.

CONCLUSIONS/RECOMMENDATIONS:

(1) Recommends the use of the 6 steps for the collection and the
use of anthropometric deta (see method section).

(2) Recommends the use of normal probability graphs and
tabular presentation for comparison and easy use of

anthropometric data.
(3) Recommends several methods for correctly estimating unknown

anthropometric dimensions from other dimensions.
(4) Recommends several methods for use of anthropometric data in

design problero.
(5) Recommends the use of mannikins (5th, 50th, t. 95th percentile)

in designing.

(6) Recommends the use of mockups in design problems.
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CATEGORY: SEAT DESIGN

AUTHORS: Rosener, A.A. & Stephenson, M.L.

TITLE: Final Report for Shuttle Passenger Couch.

CITATION: Martin Marietta Corp., Jan. 1974, MCR-74-AO, DRL No. T-774.

RATIONALE: This paper describes the design, fabrication, and testing
of a shuttle passenger coL~h which would provide the occupant &
safe support during launch and entry modes and yet provide a
comfortable personal area designed for relaxation, sleeping,
eating, and clerical work in zero-gravity.

METHODOLOGY :
!IEHOOLCYconce-' - rning couch requirements.

PROCEDURES: Industry and commercial airlines were consulted

SIGNIFICANT RESULTS: Preliminary tests showed an increase in stature of
So from standing to supine measurements. A 95th percentile
subject's stature increased to the point whxre interference occur-
red in the passenger couch engineering model flatbed position. This
increase in stature can be expected in a zero-g environment. From
projected 1980 anthropometric dimensions of man, the minimum
internal length of 75.5 in. and the minimal internal width of 21 in.
are required to accept the 95th percentile male when lying on his

.o back. An additional 5 inches in length and 3 inches in width must
be added to provide structural integrity and vehicle interface
provisions.

CONCLUSIONS/RECOMMENDATIONS:
(1) The seat can accommodate the 5th through 95th percentile males.
(2) It was recommended that the requirement for adjustable seat

depth be eliminated and only the 5th percentile male dimension
(17.5 in.) be used. This would provide a savings in cost and
weight and would be usable by the entire male percentile range.

A-124



CATEGORY: SEAT DESIGN

AUTHORS: Shackel, B., Chidsey, K.D., & Shipiey, P.

TITLE: The assessment of chair comfort.

CITATION: Erogonamics, 1969, 12, 269-306.

RATIONALE: This paper describes a series of studies to explore the
general area of seating comfort. The aim of the paper was to
explore methods and to compare a group of chairs in typical
usage tasks. A second purpose of the paper was to study the
value of individual opinions and British Standard dimension
recommendations as methods for users to select chairs.

METHODOLOGY:

SAMPLE SIZE: Twenty Ss were selected on the basis of their
etature, with the aim of covering the 5% to 95% range of the
normal population. The range of the males wits 63.5 to 72.5
in. and the females was 59 to 68 in. The Ss were also selected
to be within +1 S.D. of the mean weight for their height.

For experiment 2 eight ergonomists from Britain (one female
and seven males) were used. The height range of the males was
159 to 183 cm., and the height of the female was 63 in. Their
weights were within approximately +1 S.D. of the mean of their
body weights.

PROCEDURPS: Experiment I t:onsisted of 3 meparat t experiments,
with the same chairs a:nd three panels of 20 Sq, under the
conditions of (1) long-term sitting, (2) sitting at a desk,
and (3) eating a meal.

Experiment 2 consisted of subjects sitting in the chairs for two
minutes and then filling out a comfort rating scale for (1) his
personal comfort and (2) how he would predict he would feel at
the end of one hour. Secondly, the subject was asked to rank
them on the comfort he assessed they afforded for the general
population (5th to 95 percent range). Next the subject was
given a copy of the Bzitish Standards Institete recommendations
and the full dimensions of the chairs. Without seeing the chairs,
subjects were asked to rank them (1) for comfort for long-term
sitting and (2) for comfort for office use. Finally the sub-
ject was allowed to see and sit on the chairs and asked to rank
them again for the general population (1) for comfort for long-
term sitting and (2) for comfort for office use. In the
previous rankings subjects were not allowed to see the chair.

SIGNIFICANT RESULTS: The results of Experiment 1 were as follows:
(1) There were hardly any significant differences between the

ratings of male and female subjects.
(2) There was a significant decrease in comfort ratings with

time.
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(3) There were significant differences in comfort ratings between
chairs.

(4) There was a significant correlation between rankings before
trials and comfort test results, suggesting a possible useful
technique.

The results of Experiment 2 were as follows:
(1) Experts in ergonomics research on sitting comfort do not appear

able, either on an opinion basis or from chair dimensions and
British Standard recommendations, to give accurate comfort
assessments, e.g., to select either best or worst chairs for
use by a general population.

(2) Experts differ markedly in their ability to rank hairs for
affording comfort to the general population, and they cannot
give accurate rankings for use as a substit'ute for actual sit-
ting trials.

CONCLUSIONS/RECOMMENDATIONS: Further analyses of some results yield, inparticular, significant correlations and differences between comfort

test results and chairs ranked by size from B.S.I. recommended, dimensions, suggesting the need for further work to improve recomnen-
datious and a useful technique for such studies. The general con-
clusion seems to be that seating comfort is a very complex problem
and the only valid approach is the experimental r,-.thod.

I,
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CATEGORY: CONSOLE DESIGN

AUTHORS: Siegel, A.I. & Brown, F.R.

TITLE: An experimental study of control console design.

CITATION: Ergonomics, 1958, 1 (3), 251-257.

RATIONALE: The study systematically evaluated the angular orientation
of the side panels of an operator's console for both single and/
or paired operator's condition. The aim of the design was to
minimize body, arm, and chair movements necessary to manipulate
controls, as well as to optimize vision with minimum head movement.

METHODOLOGY:

SAMPLE SIZE: Subjects included 11 single operators and 6 pairs of
~operators.

POPULATION CHARACTERISTICS: The height of the men ranged from 5
ft. 6 in. to 6 ft.

PROCEDURES: Ss followed sequence of verbal instructions to tse the
controls on the panels. Critiria included (1) objective criteria of
average number of seat movements, average seat displacement, average
body movements (number and extent), average number of arm extensions
(part and full), (2) subjective criteria based on the subject's
responses of degree of ease or difficulty, judgments that the panels
sl.uld be wider apart or closer together, and preference ranking for
the four angles. Each series consisted of 12 programs - 3 programs

- for each of the four side panel angles.

APPARATUS: A 48 in. front panel with side panels at 35, 450, 550,
and 65e was er'ployed. The seat height for the console was 18 inches.
The seat was a desk-type upholstered swivel chair with arms.

SIGNIFICANT RESULTS: Single operators could work at any angle up to 65'.
On the other hand, paired operators found 45*-55* the optimal in-
ward angle for side panels, bcth Rubjectively and empirically. From
the paired operator visual block dcta, it appears that difficulties
arise with Anolp greater than 55'.

CONCLUSIONS/RECOMMENDATIONS: The paper recommends the selection of an
angle of 50*-55* to be the best resolution of the conflicting effects
of side panel angle, when paired operator and single operator situa-
tions are assigned equal importance.
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CATEGORY: CONSOLE DESIGN

AUTHOR: Shackel, B.

TITLE: A note on panel layout for numbers of identical items.

CITATION: Ergonomics, 1959, 2, 247-253.

RATIONALE: The spatial layout which is bst for a small number of
similar items on a panel may not 1'e best when extended to a
large number of items. The stud, involved finding a layout
requiring minimal pane. size tr accommodate 24 potentiometers
and ewitches with easiest opevtion and least operator error.
The operation sequence incl,,ded finding and operating the
switch, finding the potentiometer, adjusting the potentiometer,
and turning off the swit'h.

METHODOLOGY:

SAMPLE SIZE: Ten sibjects were useJ.

PROCEDURES: The study used static 2-dimensional layouts of 4
possible designs. Subjects were told to close their
eyes. The experimenter would call out a number and the
subject would respond by opening his eyes and tapping
the switch and potentiometer of the corresponding
number. The response was timed and errors were recorded.

SIGNIFICANT RESULTS: A layout utilizing 12 staggered rows of (2)
potentiometers with the two switches labelled under each row
proved the easiest and least confusing panel.

CONCLUSIONS/RECOMMENDATIONS:
(1) For a small number of items, a layout following the common

reading pattern seems best.
(2) For a large number of items, a layout which combines the

comsmon reading pattern for the first selection and an
arrangement which makes the second selection follow as
uniformly and straightforward as possible seems best.

iJ
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CATEGORY: SEAT DESIGN

AUTHOR3: Slechta, R. F., Wade. E. A., Carte%, W. K., & Forrest, J.

TITLE: Comparative Evaluation of Aircraft Seating Accommodation.

CITATION: Wright Air Development Center, 1957, WADC Technical Report
57-136.

RATIONALE: inadequate sea:ing accommodation i one of the many factors
which can contribute to the development of pilot and crew fatigue
during flights of long duration. Therefore, any research p.'ogram
which is concerned with the optimization of conditions for the
maintenance of pilot crew efficiency must necess-rily inLflde
studies of seating comfort. This paper reports basic information
about the nature and progression of seating discomfort.

METHODOLOGY

SAMPLE SIZE: Eighteen subjects were used.

POPULATION CHARACTERISTICS: The subjects were selected on the bases

of size from Tufts University student body and from laboratory per-
sonnel. The subject's dimensions ranged in height from 64 to 75 In.,
weight from 126 to 206 lbs., and in age from 18 to 33 years.

PROCEDURE: Subjects were required to sit in the seats for periods
of up to 7 hours. A series of behavioral and questionnaire methods
were used and tested as evaluation procedures. The dependent variables
Inc luded:
(I) Sitting time.
(2) Rating scale - IntolerabLe discomfort/Nettral'ldeal comfort.
(3) Hourly evaluation of the degree of comfoit provided by the -eat.
(4) Hourly progression iof specific body discomfort.I (5) Tine onset of discomfort.
(6) Evaluation of seat parts.

!(7) Final evaluation - frequency of suggestions.
(8) Anthropometrics an3 seat part evaluations.

APPARATUS: Six seats were used. Five ef the eeat- were representative
of pilot and crew srnting accormodations currently provided in opera-

tiona. transport aircraft. The other seat (contiol) was made of
plywood. The five seats consisted of:

(1) C-97A; KC-97E, Pilot seat (Long a ge) (Weber).
(2) C-124A, Pilot seat (Gravity Load) (Weber).
(3) C-124A, Crew seat (Hardman Model 505).

(4) C-124 Crew seat (Weber).
(5) C-138 Pilot seat (Aerotherr).

SIGNIFICANT RESULTS: It was foun,'. that toe sooner discomfort began, the
greater discomfort tended to bc. D:¢.cf,.rr in the buttocks and back
most directly influenced t'ie ranking of sea:s. Discomfort of thighs

was of little importance in all except one of the sats, and could not
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be used in ranking the seats. Discomfort in the neck, shoulders
and lowei legs tis iegi i.bl,. and had little influence on the raning
of seats. The average time of onset discomfort was a useful means
ot ranking the seats.

CONCI.USIONS/RECOMCENDATIONS: Comfort Is a qualitative experience that

admitttdly Is difficult to assess. The greatest amounts of discomfort
wet,- expertenced In the back and buttocks and these conditions Influ-
encd seat evaluations. Lck of seat adjustability contributed to

back discomfort as well as did the particular magnitudes of back angles
present in seats having fixed backs. Improper seat cushioning also

contributed o back discomfort, Discomfort in buttocks wai highly

Influenced by the c-shioning. Cushions too soft may be viry nearly

as detrimental to comfort as no cushions at all. Aithougn head-rests
seemed to have little to do with neck comfort, the presence of arm-

rests and/or seat back adjustability were important factors. Discord-
fort In thighs was caused meinly by poorly designed thigh pads and

excessively short seat cushioks. Discomfort in the shoulders was
influenced mainly by adjustability of the seats, while discomfort in

the lower legs was associated with factors producing thigh discomfort.
T'he data were aaalyzed to determine whether there were any correlations
between complaints concerning seat dimensions and categories of subjects
determined by body measurements, but no consistent correlati ns were
revealed. The assumption rhat adequacy of :eat dimensions does not

necessarily assure comfort, but many other factors are involved, is

support ed.
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CATEGORY: ANTHROPOMETRY, SEAT DESIGN, AND REACH ENVELOPE

AUTHOR: Snyder, R. G., Chaffin, D. B., & Schutz, R. K.

TITLE: Joint range of motion and mobility of the hun-ia torso.

CITATION: SAE REPORT 710848 Proceedings of Ll.-a Fifteenth Stapp Car
Crash Conference, New York: Society -f Automotive Engineers,
1971, p. 13-41.

RATIONALE: The purpose of the study was to develop a quantitative description
of the mobility of the human torso, including the shoulder girdle,
neck, thoracic and lumbar vertebral column, and pelvis. The
experimenters used prediction equations and graphs to describe
how the base of the spine reference point (fifth lumbar spinal
marker) moves in relation to defined seating and standing reference
points for given reaches.

METHODOLOGY:

SAMPLE SIZE: Twenty-eight males viere used.

POPULATION CHARACTERISTICS: The sample was representative of the
1967 USAF anchropometrl.- survey by height, weight, and sitting
heigl:t.

CLOTHINC: Clothing worn was a jock strap or equivalent.

PROCEDURES:
(1) Cadaver to check sur-ace to bone structure landmark relationships

(very high correlation).
(2) Used 35 landmarks and took 72 measurements.
(3) The Heath-Carter technique was used to determine body somatotype.
(4) Photogrammetry was used to study body positions (35) - landmarks

identified by .5 in, black tubular markers on 20 subjects.
(5) The subject was asked to reach out and touch a dull stylus

target with the medial/posterior aspect of his elbow which was
r-ferenced with an inkdot.

(6) Forty-eight seated positions were used as we] as 22 standing
positions.

(7) Data was analyzed by touching refe'rence points on the photographs
with a cursor which allowed a data-coder to analyze the coordinate3.

(8) Predictive enuations
(a) Major snthropometric variables used were sitting and

standing htSghts.
(b) Torso prediction models gave a good representation of

torso mobility in relation to elbow positions.
Radiographic studies:

(1) Twenty-two subjects were used with 9 x-.ray plates per subject.
A total of 84 body configurations were used.

(2) Subjcztu were put :.n the elbow position and then the x-ray
was taken.
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APPARATUS:

(1) In the photogrammetry four orthogonal cameras were used -
above, behind, in front, and to the side of the subject.
Front and rear cameras were 35 ft. from the origin; the
side and above nameras were 15 ft. from the origin. All
shuttered simultaneously.

(2) The Radiographic method used a Piker KM 200 Centurian II
300 ma at 125 kv x-ray generator and a motor driven x-ray
table. The table was put in a vertical position and a
fixture referenced elbow positions. Data reduction used
a data coder and computer.

SiGNIFICANT RESULTS:
(1) Predictive model determining the whole torso mobility was

derived.
(2) Predictive model that depicts the coordinates of each surface

marker as a function of the elbow position was derived.
(3) This study has provided the means for developing new

techniques for the study of human torso mobility and may
be of value in the design of anthropometric dummies.

CONCLUSIONS/RECOMMENDATIONS:
From inspection of the resulting graphs, one can determine the
the torso configuration of a seated or standing person whose right
arm is required to be in various positions.
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CATEGORY:, REACH ENVELOPE

AUTHOR: Stoudt, 11. W.

TITLE: Arm lengths and arm reaches: Some interrelationships of structural

and functional body dimensions.

CITATION: American Journal of Physical Anthropology, 1973, 38, 151-162.

RATIONALE: The purpose o' the study was to develop a mehtodology to predict
functional arm reaches from a battery of easily obtainable structural

measurements. More specifically, the experiment was concerned with

providing dara to assist in establishing the outer permissible limits
for the location of controls in motor vehicles.

METHODOLOGY:

SAMPLE SIZE: Data were obtained on 100 subjects, 50 males and 50 females.

POPULATION CHARACTERISTICS: Subjects were selected to approximate
the distribution of the general adult driving population in height
and weight as determined by the National Health Examination
Survey (Stoudt, et. al., 1965).

PROCEDURES: Preliminary anthropometric measurements were taken on
the subjects. These included height, sitting height, shoulder

height, shoulder (biacromial) breadth, anterior arm length,

elbow-fingertip length, and shoulder-elbow length. In addition,
weight, age, and handedness of each subject were recorded as was
the preferred fore-and-aft seat adjustment. Reach measurements
(to the thumbtip) were taken for 12 vertical planes: 00 (midsagittal

plane), and 100, 20(, 300, 400, and 500 to the right and left;

in addition, 700 and 900 to the right were included. The hori-
zontal planes which intersected these vertical ones were at 4

inch intervals from 6 inches above the floor to 42 inches above

the floor for a total of 10 horizontal planes. The subject
was seated in a normal pcsition with a lap belt tightened and a
shoulder harness adjusted with exactly four inches of slack.

The measurements were then taken and photographed from the side
with a 35 mm. camera equipped with a 250 exposure power-operated
film transport. Data was reduced using a Grafacon electronic

tablet and an electronic stylus interfaced with a PDP-8/S computer.

The rLference point in the data slides corresponded to the hinge

point of the hip and thigh.

APPARATUS: Apparatus consisted of a seat which pivoted about a vertical
axis through the measuring reference point so as to attain various

reach angles to the right or left. In addition, a vertical bar
rolled freely back and forth along two horizontal bars positioned

directly over the seat. The bottom of this bar was vertically
adjustable to each of the desired horizontal planes on which the

measurements were made.
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SIGNIFICANT RESULTS: Correlation coetficients were calculated for the 9 struc-
tural anthrupometric variables plus age, and a selected group of 24
of the more critical, or useful, functional reach dimensions. The
authors found the following results:
(1) Age is very poorly if at all related to reach capability.
(2) Correlations between weight and the 117 reach measurements (3 were

eliminated because subjects were unable to reach them) were only
moderate, ranging between .2 and .5 and averaging around .4.

(3) Height was correlated somewhat better varying becweet .5 and .7
(average- over .6).

(4) Anterior arm length showed uniformly high correlations with
functional reach (range= .5 to .7, average= over .6).

(5) Elbow-fingertip length showed, overall, probably the highest gen-
eral correlation (.6 to .7).

(6) Shoulder-elbow height was similar to but somewhat lower than
elbow-fingertip length in correlation with functional reach.

(7) Sitting height erect correlations ranged from .4 to .7 and shoulder
height correlations were somewhat lower (.4 to .6).

(8) Shoulder breadth (biacromial diameter) had the lowest correlations
with the exceptions of weight. Correlations ranged from .3 to .5.

Lo determine the predictive value of the anthropometric measurements
for dynamic measurements, the eight static dimensions were included
in a regression analysis wit- .. selected group of functional arm
reach measurements. Two measurements consistently emerged as superior
for predictive purposes. These were elbow-fingertip length and shoulder-
elbow length. These variables predict the average (roughly, the 50th
percentile) reaches measured from the reference point to the outstretched
hand. The equations predict less accurately at the extremes of the
reach distributions (i.e. the 5th and 95th percentiles).

(:ONCLUS IONS/RECOMMENDATIONS:

(I) Functional arm reaches can be preoicted from as few as two
structural body measurements wtth a degree of accuracy that
should be satisfactory for most design problems involving control
location and workspace layout.

(2) What is needed now is a mathematical model of human reaching

behavior which will take into account the effects of changes in
any relevant worspace variable and, in conjunction with limited
structural anthropometric data, generate the desired functional
reach dimensions.

A-134

1A



A ,M"rr-

CATEGORY: ANTIlROPOMETRY

AUTHOPS: Stoudt, H. W., Damon, A., McFarland, R. A., and Roberts, J.

TITLE: Weight, height and selected body dimensions of adults: U. S., 1960-62.

CITATION: National Health Survey, Washington, D.C., U. S. Public Health
Service, 1965.

RATIONALE: The paper describes the general population with respect to
height, weight and 10 other measurements.

METHODOLOGY

SAMPLE SIZE: There were 6,672 subjects (3,041 males and 3,581
females).

POPULATION CHARACTERISTICS: Subjects were selected to represent
racially, geographically, &nd socioeconomically the nonmilitary and
noninstitutionalized Amer1can population between the ages of 18 and
79.

PROCEDURES: Subjects were selected as follows: the entire population
was first stratified ',y broad geographic regton and by size of place
of residence (rvral arcas, small cities, etc). These strata were
then subdivided into segments and households, and these units were
then randomly sampled until a total of 7,700 subjects were obtained.
Out of 7,700, 6,672 were actually measured. Twelve measurements
were taken.

SIGNIFICANT RESULTS:

Measurement (Group) 1st 5th 50th 95th 99th

Weight in 1I3. (males) 110 124 164 215 239
(females) 91 102 135 197 234

Stature in In. (males) 61.7 63.7 68.3 72.8 74.6
(females) 57.1 59.0 62.9 67.1 68.8

Sitting height in in
(males) erect 31.9 33.2 35.7 38.0 38.0
(females) erect 29.5 30.9 33.4 35.7 36.6

(males) normal slump 30.4 31.6 34.1 36.6 37.6
(females) normal slump 28.2 29.6 32.3 34.7 35.7

Elbow rest height in in.

(sitting) (males) 6.3 7.4 9.5 11.6 12.5
(females) 6.1 7.1 9.2 1.0 22.9

Thigh clearance height in in.

(sitting) (males) 4.1 4.3 5.7 6.9 7.7

(females) 3.8 4.1 5.4 6.9 7.7

Knee height sitting in in.

(males) 18.3 19.3 21.4 23.4 24.1

(females) 17.1 17.9 19.6 21.5 22.4

Popliteal heighe sitting in

in. (males) 14.9 15.5 17.3 19.3 20.0
(femlales) 13.1 14.0 15.7 17.5 18 0

A-135

..



Measurement (Group) 1st 5th 50th 95th 99th

Buttock-knee length in in.V(males) 20.3 21.3 23.3 25.2 26.3
(females) 19.5 20.'- 22.4 24.6 25.7

Buttock-popIi teal length in
n.(males) 16.5 17.3 19.5 21.6 22.7

(females) 16.1 17.0 18.1 21.0 22.0
Ilip b~readth tn in. (sitting)

(males) 11.5 12.2 14.0 15.9 17.0
(females) 11.7 12.3 14.3 17.1 18.8

Elbow-to-elbow breadth fn in.
(sitting) (males) 13.0 13.7 16.5 19.9 21.4

(females) 11.4 12.3 15.1 19.3 21.2
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CATEGORY: SEAT DESIGN, CoN';OI,!; DESI(N A41) WORKPIACF DES'G;N

AUTHORS: Van Cott, H.P., & Kinkade, R.G.

TITLE: fluaan EngineorLp& Gdud to , u~pept ! i n..

CITATION: Wash ngton, D.C.: U.S. Government Printing Office, 1972.

RATIONALE: Representative workplece layouts should accomodate a 5th-
to-95th-pe.rcentile user population. Operator-related dimensional
factors that influence vorkplace configuration are: (I) Eye
position with respect to display area and/or field of vicw; (2)
Reach envelope of arms and legs; and (3) Manner and position of

human body support. Large operator dimensions should define
clearance requirements, while those of smaller operators should
defit-e reach requirements.

METHODOLOGY : N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: The critical dimensional factors in
developing the seated operator rtation include:
(1) Proper eye position relative to the viewing tasks, eivher on
the console or the surrounding environment.
(2) Seat height, depth, and back angle with proper posture control.
(3) Leg and knee clearance.
(4) Hand and/or foot reach requirements for control actions.
(5) A common eye position for laige and small operators by means

of an adjustable seat height.

A properly designed seat contributes to efficiency and safety. It
must provide: (1) accessibility to the task, (2) proper support,
(3) security and protection, (4) accessibility, and (,) comfort.
A range of adjustment may be necessary to place the operator in
proper working position. These adjustments include (1) seat
height, (2) rotation, (3) fore/aft movement, (4) seat/backrest
tngle, and (5) lateral movement. Types and ranges of acjustable
seats should be established at the same time other workplace
dimens'ons are being developed. The reconmended seat dimensions
are as follows:
(1) Seat height should be adjustal-le between 15-18 in.
(2) Seat depth should be apl.roxinately 12-15 in.
(3) Seat width should be approximately 15-18 in.
(4) Seat pan slope should be 30-50 .

(5) Height of backrest should be 6-8 in.
(6) Space between backrest and seat pan should be adjustable
at least 4 in.
(7) Backrest width should be 12-14 in.
(8) Backrest swivel should be 100-200.
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(9) Arm rest height should be 9 in.. or have a range of 7-9 in.
(10) Arm rest length should be 10 in.
(11) Backrest should have a curvature depth of 2 in.
The recommended workplace dimensions and general layout are as
fCllows:
(1) When panel space requIrements exceed 40 in., in width, a
"wrap-around" console would p]ue all controls within reach. Left
and right segments should be pot'itioned at an angle of 1100 in
front of the central segment.
(2) Leg room clearance depth should be a minimum of 16 !n.
(3) Foot room depth should be 24 In. (minimum) as measured
from front of desk to objects in front of foot.
(4) There should be a minimum of 26 in. from the back of the seat
to objects in front of the knee.
(5) The maximum placement of controls should be 28 in.
(6) Minimum Leg height clearance should be 25 in.
(7) The writing desk height should be approximately 26-31 in.
(8) The maximum console height to see over top is 47 in.
(9) The minimum console height to avoid seeing top is 54 in.
(10) The console width should have a minimum value of 18 in. and a
maximum value of 40 in.
(11) There should be 19 in. betwe arm rests.
(12) A recommended minimum surface fol nrecise control of writing,
drawing or plotting Is 24 in. wide by 16 In. deep.

The recommended dimensions are based on the 5th-to-95th-percentile
operators.
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CATEGORY: SEAT DESIGN

AUTHORS: Wachaler, R.A. & Learner, D.B.

T.ITLE: Au analysis of some factors influencing seat comfort.

CITATION: Ergonomic., 1960, 3, 315-320.

RATIONALE: The paper describes the factor structure of several criteria
of seat comfort or discomfort. Data for the study was taken from
the study by Slechta, et.al. (1957).

METHODOLOCY:

SAMPLE SIZE: Eighteen subjects were used.

PROCEDURES: Subjects were allowed to study but no w:iting and no

conversation were allowed, except with test monitor. Five criteria
were employed.

(1) Total voluntary sitting time (up to 7 hrs.).
(2) Comfort rating after 5 min. and at hourly intervals. The

9 pt. scale ranged from -4 to +4.
(3) Subject's own prediction of total sitting time. Predictions

were taken after the first 5 min. and at hourly interals.
(4) Time of onset of discomfort.
(5) Subject's comfort rating in a post-test questionnaire. The

21 pt. scale 'an~ed from - 10 toe +V.
Also included was an average discomfort ratiing in specific body rarts.
The rating was taken after the first 5 min. and at hourly intervals.
The 6-point scale ranged from none to intolerable. The specific body
parts included the neck, ohoulders, back, buttocks, thighs and legs.

APPARATUS: Six seats were emplo,,cd.
(1) Seat I - (Long Range) Provided arm rests, head-rest, adjxist-

ment of fore and aft and vertical position and
discrete adjustment of the included angle between
the seatpan and seatback.

(2) Seat 2 - (Gravity Load) Same features as seat 1 but a wider
range of adjustments.

(3) Seat 3 - (Control) Constructed of unconcoured plywood, no

cushioning, or adjustability.(4) Seat 4 - (Hardman, hodel 605) No armrests or angular adjust-
ments.

(5) Seat 5 - (Weber) No armrests or angular adjustments.
(6) Seat 6 - (Aerotherm) Provided arm rests, fore and aft and

vertical adjustments and independent adjustment
of seat pan angle and seat back angle.

t8
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SIGNIFICANT RESULTS: Two orthogonal (independent) factors were found.
(1) Factor I included the overall comfort since it had high load-
ings of the two general comfort measures (total sitting time and
post-test questionnaire). It also had high loadings from back and
buttock comfort and moderate loadings on neck and shoulder comfort.
(2) Factor II included high loadings for comfort in the thighs and
In the legs. A high correlation between 5-ui. ratings and total
sitting time was also found.

CONCLUSIONS/RECO MNDATIONS:
(1) People tend to rate the overall comfort of a seat mainly on

the basis of the comfort of their backs and buttocks. The

comfort of the neck and ahoulders plays . siecondary role, while
thigh and leg comfort seems to have lit,.lt relationship to
judgements of the overall comfort of a ceat.

(2) The paper concludes that one can predict fairly long term effects
of sitting on a seat on the basis of a relatively short time

sample (5-min.).
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CATEGORY: SEAT DESIGN

AUTHOR: Washburn, C.T.

TITLE: Stadium seating.

CITATION: Architectural Record, 1932, 71, 270-272.

RATIONALE: The paper sets firth general considerations for the design
of stadium seating.

KETHODOLODY: N/4

SIGNIFICANT RESULTS: N/A

CONCLUS IONS /RECO.MENDATIONS:
(1) Adequate seat width should nnt be l,.ss than 17 in.
(2) Fifteen inches should be alloired for th2 spectator's knees
and for the passage of (ntering spectators.
(3) The seat height of 18 in. should be satisfactory because it
gives more toe room to spectators behind the row rnd also becaue
spectators sitting in an upright position take up less room
horizontally.

(4) S,,#,ts are more comfortuble with ba,:ks than without backs.

I'
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CATF.GJRY : SEAT DESIGN

AUTHIORS: Weddell, C1. & Darcus, 14.D.

TITLE: Some Anatomical Problems In Naval Warfare.

CITATION: British iournal of Industrial Medicine, 1947, 4, 77-83.

RATIONALE: The purpose of this study was to design a snat capable of
fitLing all St. with the minimum of adJustment.

MIVrHODOLOGY:

SAM: LE SIZE: Clculations tor dimensions of Ihe seat were based

on the American Fort Knox survey of body measurements of militiry
personnel. In addition, 50 subjects were used.

SIGNIFICANT RESULTS: N/A

;CONCLUS IONS/RECOMMENDATIONS:

(1) For body stabilization, it is necessary to have a seat
with an adjustable foot rost so that in different in-
div duals a knee-angle of 1600 can be obtained.

(2) The seat cushion should be at least 15 in. wide and 18 in.
deep. The front 8 in. should be sloped at an angle of about
100 to the horizontal, and the bac:k 10 in. disposed horizon-
tally when the thighs are hortzontal and the knees are at

0Ian angle of 160 ° .
(3) The back rest ov .timum height should correspond to the level

of the maximum concavity of the lumbar curvature (helghth
should vary between 8 in. and 12 in.).
The back rest should be placed 0.5 in. behind tie back of
the seat. The back reat should have a radius of 7.3 in.
and a width of 15 in.

(4) The foot rest should be 14 in. long and 15 in. wide. A
heel rest should b, provided at right angles to the foot-~rest and be at lea.3t 3 in. deep.
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CATEGORY: ANTHROPOMETRY

AUTHORt: White, R. M., & Churchill, E.

TITLE: The Body Size of Soldiers: U. S. Army Anthropometry-1966.

CITATION: Technical Report 72-51-CE, Natick, Massachusetts, U. S.
Army Natick Laboratories, 1971.

RATIONALE: Seventy body measurements were taken from 6682 Army men.
Changes in the body size of Army men bet:ween 1946 and 1966
are discussed.

METHODOLOGY

SAMPLE SIZE: Subjects were 6682 males.

POPULATION CHARACTERISTICS: The subjects were measured at 12
Army posts throughout the U. S.

PROCEDURES: Seventy body measurements were selected.

APPARATUS: "he apparatus Included an kithropomenter (Siber
Hegner 101), small sliding calibers (Siber Hegner 104), spreading
calibers (Siber Hegner 106), and a two-meter steel tape.

SIGNIFICANT RESULTS:

Measurement Mean S. D.

Age 22.17 yrs. 4.64
Weight 159.10 lbs. 23.35
Stature i74.52 cm. 6.61

Shoulder heignt 143.72 m. 6.22
Functional reach (standing) 82.60 cm. 4.85
Vertical Arm reach

(sitting) 138.23 cm. 5.80
Sitting height 90.69 cm. 3.66
Eye height (sitting) 76.72 cm. 3.57
Shoulder-elbow length 36.87 cm. 1.86Elbow-fingertip length 47.96 cm. 2.31

Knee height (sitting) 54.06 cm. 2.73
Popliteal height (sitting) 44.61 cm. 2.50
Buttcck-knee length 59.47 cm. 2.85
Buttoc--popliceal length 49.82 cm. 2.50
Foreaa-forea.m breadth 45.98 cm. 4.22
Hip breadth (sitting) 34.16 cm: 2.38

CONCLUSIONS/RECOMMENDATIONS: The changes in body dimensions of Army
4 men between 1946 and 1966 actually, are rather small, at least
4$ with respect to the mean (or average) values. There has been an

increase of 4.25 lbs. in mean weight and nean stature has
increased 0.25 t , in Army ti.n between 1946 and 1966. Most of
the a -inding and i1tting ,ez,' ',rements are slightly higher for the
1966 Army series.
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CATEGORY: SEAT DESIGN, CONSOLE DESh6N, AND WORKPLACE DESIGN

AUTHORS: Woodson, W. E. & Conover, D. W.

TITLE: Human Engineering Guide for Eqipment Design.

CITATION: Berkeley, California: University of California Press, 1964.

RATIONALE: The workplace envelope mtL be compatible with the anthropo-
metric dimensions of the particular population of workers who will
be using the proposed equipment. This book reviews the recommenda-
tions for dimensions of equipment. Proper seat design can :educe
fatigue and promote increased production by its occupant; it can
save time and energy. Poor seatLtg may be the cause of poor morale
and may actually interfere with optimum operations of equipmentand cut down the efficiency of an operator.

METHODOLOGY: N/A

SIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: Rules for console design:
(1) Controls and displays which are to be used most often, most

effectively, or most rapidly should be given first priority
as to location on the panel or console.

(2) Visual displays should be oriented so that parallax and
glare are minimum and viewing distance and illumination
are optimum.

(3) The size of the instrument panel depends primarily upon
the normal arm reach of thu human operator. In general,
convenient arm reach is about 28 in. from the respective
shoulder pivot point.

I (4) In a U-shaped console, the front section of the console
should be approximately 44 in. in order to allow the opera-
tor to reach th,, corners of the console.

Rules for Work Space:
(1) Effective work-seat design should provide a supporting

framewock for the body relative to the a:'tivity in which it
is engaged.

(2) The seat should be convenient to tne task -,f the worker.
The seat h'ould be of proper size and shouid be adjustable
not only in height but in position when the application
demands mobility.

(3) The seat should support the body properly to avoid poor
posture. Cushioning should he used to distribute body
weight evenly over the surface o the seat.

(4) Arm rests should be provided when they do not interfereI' wito the individual ta ,k at hand. Foot rests should be
provided to maintain optimum seat-to-foot rest distance.

Dimensions for a secretarial chair should be:
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(1) Seat Height - 15 to 18 in. (adjustable).
(2) Seat Width - 15 in.
(3) Seat Depth - 12 to 15 in.
(4) Seat Pan Slope - 3 to 50.
(5) Space betwnen Seat and Backrest - 7 to 10 in.
(6) Height of Backrest - 6 to 8 in.
(7) Backrest Angle - 90 to 1100.
(8) Backrest Curvature Depth - 2 in.
(9) Backrest width - 12 to 14 in.
Dimensions for Special Operator Chair, recommended for activities
such as sonar, iaiar air traffic control, etc.:
(1) Seat Height- 16 to 18 in.
(2) Seat Pan Slope - 3 to 50,
(3) Seat Depth - 15 to 17 in.
(4) Seat Width - 18 in. (minimum).
(5) Space between Seat and Backrest - 5 in.
(6) Height of Backrest - 12 in.
(7) Backrest Angle - 97 to 1090.
(8) Backrest Width - 15 in.
(9) Backrest Curvature Depth - 2 in.
(10) Arm Rest Height - 9 in.
(11) Arm Rest Length - 10 in.
(12) Arm Rest Depth - 2 in.
Rules for desks, tables, counters, and workbenches:
(1) Thigh Clearance - 7 in. (minimum).
(2) Height of Work Surface - 29 to 30 in.
(3) Knee Depth from Beginning of Work Surface to Obstructions

in Front of the Knees - 16 in.

A
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CATEGORY: SEAT DESIGN

AUTHORS: Wotzka, G., Grandjean, E., Burandt, U., Kretzschnmar, H.,
and Leonhard, T.

TITLE: Investigations for the development of an auditorium seat.

CITATION: Ergonomics, 1969, 12, 182-197.

RATIONALE: An orthopaedically proper seat is designed to avoid unnatural
postuces. Unnatural postures are accompanied by pain and symptoms
of fatigue, amd are felt to be uncomfortable. This lzd to'the conclu-
sion that a seat profile is desirable which causes the least possible
discomfort and pain to as many persons as possible. Apart from
the orthopaedic recommendations, the functions of an auditorium se'r
were also considered. The first stage of the experiment consisted
of analyzing the seated behavior of 546 students during lectures by
means of the multi-moment technique, along with assessment by students.
It was found that the table top surfnces were felt to be too small
by the majority in all auditoriums (dimensions ranged from 30x57 cm.
and 30x60 cm.). Leg room was said to be unsatisfactory by the~majority. A seat depth of 38 cm. was frequently Ehought inadequate,

42 to 44 cm. deep was judged significantly better.

METHODOLOGY :

POPULATION CI'ARACTERISTICS:
lot Stage - 546 students were observed using a multi-moment

technique
2nd Stage - 27 male and 3 female stadents (average age 22.6

yrs.) were used.

Height with shoes Mean 177.4 S.D. 6.9 cm.

For 20-30 minutes, the relartonship between back,
seat surface, seat height, and writing surface was
adjusted until the Ss stated that the most comfor-

table posture had been achieved. Ss then answered
a questionnaire.

3rd Stage - 36 males and 4 females (average age 23 yrs.) werc used.

Height with shoes Mean 178 cm. S.D. 7 cm.

Pair comparisons between seats were used.
4th Stage - Tests were made during regular lectures. Students

copleted the questionnaire at the end of the lecture.

APPARATUS: 5 seats, adjustable in the correlation between seat
surface and back, were used. Seats were in front of a
writing table (surface measured 40x80 cm.) which could

be adjusted for height and inclination.
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SIGNIFICANT RESULTS: N/A

CiNCLUSIONS/RECOMMENDATIONS:
(1) Seat heights of 43 to 44 cm. are somewhat too low for students.
(2) The inclination of the seat surface of 0' is considered to

be good.
(3) The seat depth of 43 to 44 cm. of all seats is largely described

as good.
(4) The inclination of the writing surface was modified to 100.
(5) The seat which was selected as the best seat had the following

dimensions:
(a) width of seat - 500 mm.
(b) width of back rest - 500 mm.
(c) curvature radius of backrest - 800 mm.
(d) seat depth - 440 nmm.
(e) seat slopc - 15* rearward declination but it then

slopes up in the back.
(f) back rest slope - 108

(g) seat to writing desk - 280 mm.
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CATEGORY: WORKPLACE DESIGN

AUTHOR: Yllo, A.

TITLE: The bio-technology of card punching.

CITATION: Ergonomics, 1962, 5, 75-79.

RATIONALE: This paper describes a practical application of bio-
technology at Volvo. The investigation was carried out in
connection with improvements concerning the efficiency of
the methods of work of six female punch-machine operators.

METHODOLOGY:

SAMPLE SIZE: Six subjects were used.

4 POPULATION CHARACTERISTICS: All subjects were female punch-
machine operators.

APPARATUS: The standard IBM punch machine, type 24, was employed.

fSIGNIFICANT RESULTS: N/A

CONCLUSIONS/RECOMMENDATIONS: The deficiencies of the design of the
machine were as follows:
(1) The keyboard was too high In relation to the working arm.

This position placed the right elbow at too sharp aa
angle. The operator tried to compensate for this fault
by lifting up the shoulder or by moving the elbow out in
a lateral direction so that the working fingers were
placed improperly relative to the keyboard. this arm
position causes excessive static muscle activity. in theI neck, shoulder, and arm.

(2) The original keyboard position forces the hand to work
with the fcrearm twisted almost the maximum to the thumb
side.

(3) The keyboard was relatively fixed causing an unnatural
wrist position.

(4) The sight distance from eye to the moving card in the
machine was too great, approximately 60 to 65 cm.
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A

SUMMARY

The purposes of Section B are (1) to review, discuss, and integrate

'j the requirements of seat, console, and workplace design of the seated

operator; and (2) to providL the recommendations for seat, console, and

workplace design in terms of design dimensions and design characteristics.

Detailed aspects of these components and their relationship to each

other in making up the workplace are discussed. Basic recommendations

about the seat, console, and workspace needed for the operator are made.
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.I TODUCTION

It is well known that the seated operator has a number of advantages

over the standing operator (Ayoub, 1971; Kroemer, 1971) including:

1. Sitting requires less muscular activities for maintaining
posture. Therefore, the seated operator can avoid or
delay the onset of fatigue.

2. Sitting provides more stability in body positions. The
stability is valuable for tasks which requive precision
or fine manipulative movements and visual fixation.

3. Sittinj provides for easier operation of foot controls.

4. Sitting results in lower intravascular pressure in the
lower extremities.

When designing the console/workplace for a seated operator, the operator

should be considered at the beginning of the design. The Human Engineering

Design Criteria for Military Systems, Equipment and Facilities (DoD, 1975)

states that "chairs to be used with 'sit' consoles shall be designed to

I be operationally compatible with the console configuration" (p. 116). If,

as is usually the case, the operator is not considered at the beginning of

the console/workplace design, the operator as a direct consequence of the

faulty design, may be forced into awkward and inefficient bdy positions.

The poor posture exhibited by an operator forced to work under the

constraints of the faulty design, can lead to low p7.oducttvity, fatigue,

and even injury (Ayoub, 1971). It has been noted that the seat design and

the console/workplace design cannot be considered indpendently. Accordiung

to Floyd and Roberts (1958) and McCormick (1970), when seats are to be used

in combination with desks or tables (i.e., workplace), the dimensions of
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the two must be worked out together. Therefore, the seat and console/

workplace should be designed as a unit with the dimensions of one

dependent on the dimensions of the other (Kroemer, 1971).

The purposes of this report are:

(1) To review, discuss and integrate the requirements of seat, console,

and workplace design of the seate! onerator.

(2) To provide recommendations for seat and con ;ole/workplace design, ir

terms of design dimensions and design characteristics.

SEAT PAN DESIGN

1he main design features of an adjustable chair are presented in fig-

gurt, B-I. These features include the following dimensions: (a) seat pan

height; (b) seat pan width; (c) seat pan depth; (d) seat pan slope; (e)

backrest width; (f) curvature of the backrest; (g) backrest height; (h)

backrest swivel: and (I) the space between the seat pan and the backrest.

Table B-i contains the shape and dimensions of the seat pan surface as

proposed in the literature. A summary of the discussion and recommends-

tions for the shape and dimensions of the seat pan are presented in table

B-2.

Shape of seat pan

One of the important features of a good chair is that it permits

the user to change his posture with ease (Akerblom, 1954). According to

Floyd and Roberts (1958), changes in posture can be extremely important

In relieving muscle fatigue. Cenerally, no shaping is

B-6
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,A. Seat pan height
B. Seat pan width (breadth)
C. Seat pan depth

D. Seat pan slope
E. Backrest width
F. Curvature of the backrest
G. Backrest height
H. Backrest swivel and backrest angle
I. Space between seat pan and backrest

A

A

Figure B-i. Main Design Features of an Adjustable Chair.
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recommended for industrial or office chairs because of the varied conformation

of the human buttocks and perineal region as well as the difficulty of

changing position in a shaped seat (Croney, 1971; Damon, Stoudt, & McFarlanc,

1966). The seat pan may be slightly concave in the center to prevent

sliding out of the seat by helping maintain the aser in the middle of the

seat (Ayoub, 1971; 1(roemer, 1q71). The exposed seat pan should not have

any sharp edges. The seat front should be curved downward to eliminate

pressure on the popliteal area (Murrell. 1969). The seat pan should be

upholstered. On a hard seat suface, the trunk weight is transmitted

through the small areas causing a high pressure point, The high pressure

point results in reduced blood flow leading to numbness and pain. Contrarily,

soft upholstery is not recommended since the softness makes it difficult

to gain relief by adjusting the user's body. The seat pan upholstery should

not only reduce pressure on the buttocks, but also permit changes of posture.

Therefore the upholstery should be stiff and not give more than 1 inch

(Darcus and Weddell, 1947). In addition, the upholstery should afford

ventilation to reduce sweating (Branton, 1969; Grandjean, Hunting, Wotzka,

& Scharer, 1973).

Seatpansop

Most authors recommend that the seat pan should have a slight rearward

slope of 3' to 7' (Grandjean et i!., 1973; Keegan, 1953). A horizontal

seat pan would cause the user to be ejected from the seat if he leans

against the backrest. The user must counterbalance the forward thrust by

maintaining muscular tension which leads to fatigue (Ayoub, 1971; Kroemer,

1971). A slight rearward slope is recommended which wili cause the user's

B-26
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trunk to tilt towards the backrest, and at the same time prevent ejection

of the user (Murrell, 1969). However, if the backrest is not used, the

rear slope of the seat pan will tend to rotate the pelvis backward causing

deformation of the spine (Ayoub, 1971; Kroemer, 1971). As stated previously,

* if the seat pan is slightly concave in the center, the concavity will help

prevent sliding by maintaining the user in the middle of the seat. Adjust-

al'ility of the slope above and below the horizontal axis is very desirable

(Kroemer, 1971).

Seat pan height

*Sitting comfort is at a maximum when the weight of the trunk is borne

mainly by the ischial tuberosities (the boney protuberanceu) (Lay & Fisher,

1940). According to Floyd and Roberts (1958), the thighs are anatomically

and physiologically unsuited for supporting the weight of the sitting body.

The seat pan height should be determined principally by the desirability

of avoiding undue pressure on the soft tissues of the posterior aspect of

the thighs (Croney, 1971; Floyd & Roberts, 1958).

The height of the seat pan is the distance from the front of the

seat pan to the floor or the foot rest pan. If the seat pan height is

properly adjusted, the user's lower !egs and thighs should be, at right

angles with his feet flat on the floor or foot rest pan (Croney, 1971). The

height of the seat pan should be slightly less than the distance from the

floor to the underside of the user's thigh (i.e., the user's popliteal

height) (Hooton, 1945; Morrison, 1965). According to Morgan et al. (1963)

as a general rule, tall people can accommodate to a low seat more easily

than shr-t people can acco.modate to a high seat. However, some authors
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suggest that seats which are too low are not desirable. Keegan (1953),

for example, considers that the acute angle between trunk and thigh

formed by the low seat pan height should be avoided. The acute angle

causes an unfavorable position of the pelvis and spinal column, as well

as producing pressure on the abdominal organs. Since the popliteal

height among individuniq and sexes vary, the seat pan height should be

adjustable (Croney, 1971). A foot rest pan may be employed to accommodate

the smallest users to the seat height (Burandt & Gcandjean, 1963; Murrell,

1969).

Seat pan width

The width of the seat pan is the distance between the two side edges

of the pan. The seat widtb must be sufficient to accommodate the largest

users and to facilitate changes of posture (Darcus & Weddell, 1947;

Croney, 1971). Therefore, the seat width only has a minimum, not a

i'4 maximum dimension. The seat pan width should be large enough to accommodate

the largest user's bitrochantric width plus 25 percent of the width for

shifting of pcsition (Ayoub, 1971). The minimum width is based on the

need for support of the ischial tuberosities of the largest users (Floyd

& Roberts, 1958).

Seat pan depth

The seat pan depth corresponfs to the distance from the front edge

of the seat pan to the intersection of the rear edge with the backrest or

backrest plane (Grandjean, 1973). Seat pans that are too deep may cause

excessive pressures on the back of the knee (Murrell 1969). Additionally, if

the seat pan is too deep, the user may shift his ituttock forwards and will not be
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able Lo lean against the backrest. The seat pan depth should be slightly

less than the smallest user's buttock-to-popliteal length (Damon, et. al.,

1966). An adjustable backrest swivel allows users of different buttock-

to-popliteal length to sit in the same seat pan (Ayoub, 1971).

BACKREST DESIGN

A well designed backrest Is a very important component of the chair,

even if the backrest is used only occasionally. The size of the backrest

depends on the type of tasks which the user is involved at the time he

is sitting (Ayoub, 1971). For example, if a seat is to be used in opera-

tions where freedom of the shoulders and arms are necessary, then only the

lower part of the back should contact the backrest. The proposed backrest

shape and dimensions as found in the literature are contained in table B-3.

Table B-4 presents a summary of the discussion and recommendations of the

shape and dimensions of the uackrest.

Backrest shape

The shape of the backrest depends on the necessity of the user to

move his arms and shoulders. If mobility of shoulders and arms is

necessary, a small kidney-shaped backrest should be provided. If the

seat is to be used in operations where freedom of the shoulders and arms

are not necessary, the backrest can be larger in size. In both cases,

the backrest should be slightly concave toward the sitting person in

the top view and in the side view slightly convex (Kroemer & Robinnette,

1968). The edges of the backrest should prevent painful pressure and

facilitate changes of posture. The backrest should not have any sharp

edges, but instead the edges should be carefully rounded and well padded

(Grandjean et al., 1973).
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Space between seat pan and backrest

The space between the seat pan and backrest allows the pelvis to be

moved back permitting support of the lumbar spine by the backrest (Floyd

Roberts, t958; Keegan, 1952). The lumbar support should begin at the

top of the sacrum (Akerblom, 1954; Croney, 1971). Hence the opening should

be adjustable to accommodate the largest user's L-5 vertebral sitting

height. If there is no space between the seat pan and the backrest, the

backrest should be recessed to provide space for the protrusion of the

buttocks (Damon et al., 1966).

4 Backrest height

The height of the backrest is dependent on the user's necessity of

zioving his arms and shoulders. The support is most effective when provided

within the range of the 2nd to 5th lumbar vertebrae (Floyd & Roberts, 1958).

If mobility of the shoulders and arms is necessary, the height should be

set at the smallest user'- medial L-I and L-5 vertebral height. The

backrest should fit accurately into the user's lumbar hollow (i.e., above

the sacrum and below the T-12 vertebra). If mobility of the shoulders

and arms is not necessary, the backrest can rise above the T-12 vertebra

(Ayoub, 1971; Kroemer, 1971).

Backrest width

The width of the backrest is dependent on the necessity of mobility

of Cie user's shoulders and arms. For mobility, the width must be less

than the smallest user's bi-illiac crest width. The backrest should not

hinder free movement of the elbows (Murreli, 1969; Croney, 1971). If

mohility of shoulders and arms Is not necessary, the width of the backrest
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9! should provide full support across the ;houlders. Hence in this case,

the width of the backrest is based on the largest user's shouldex

breadth (ooton, 1945).

Curvature of the backrest

rJ For lumbar support only, the lateral curvature of the backrest

should not be deeper than that of a circle 7.3 inches in radius (Weddell

& Dlarcus, 1947). On the other hand, since the human lumbar curve is

convex forward, the backrest should be designed with a convex rather

than a concave lumbar support (Damon et al., 1966). For backrests at

shoulder or head height, curvatures should have radii of from 16 to 18

inches, but never less than 12 inches (Floyd & Roberts, 1958).

Backrest swivel and angle

The backrest should swivel to allow a better fit between the curvature

of the spine and the backrest. The backrest swivel can also be used as a

type of seat pan depth adjustability. The backrest swivel helps accommodate

users of different Buttock-to-Popliteal lengths to the 3eat pan depth

(Ayoub, 1971). A slightly tilted backrest helps the user to settle

comfortably in a chair and prevents a gradual slide forward of the body.

According to Croney (1971), without the tilt of a backrest the lumbar

curve is unnaturally flattened and strain is placed on the intervertebral

luhai discs and ligaments. The backrest angle depends on the type of

activity in which the user is involved.

ARM REST DESIGN

rable B-5 compiles the proposed dimensions of the arm rests as con-

Uined in the literature. A summary of the discussion and recommendations for
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arm rests is presented in table B-6. Arm rests may be used to decrease

the load on the spinal coluum by propping the arms. The arm rests are

also helpful In changing position and as an aid in getting up from the

chair (Croney, 1971). Often where required, one arm rest on one side

of the chair will suffice with the advantage that on(- arm rest will

not Interfere with getting into and out of the chair (Ayoub, 1971). In

additionarm rests can be helpful in tasks which require delicate assembly

or adjusting tasks (Croney, 1971). In these type of tasks, the operator's

elbows or lower arms can be supported by individually adjusted arm rests

to stabilize the hands (Kroemer, 1971). Contrarily, arm rests can be

hindering to tasks that require free mobility of the trunks, shoulders,

and arms (Damon et al., 1966). The arm rests surface should not be

too soft or to smooth. Arm rests should be individually adjusted since

arm rests that are too high tend to lever the user out of the chair and

also oring unnatural pressure on the shoulder joints (Croney, 1971).

At times, the table/desk can act as the arm rest by having the user

rest his forearms and hands on top of the table/desk. The table/desk

can also have an arm rest support affixed to it which may be raised or

lowered out of the way when not in use (Ayoub, 1971).

FOOT REST DESIGN

Foot rests help to compensate for a seat pan that is too high for

a user (Croney, 1971). The surface of the foot rest pan should be as

large as the floor area upon which the user could possibly place his

feet. Very small foot rest areas should be avoided since changes in foot

and leg positions are hindered (Roebuck, Kroemer, & Thomson, 1975).
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Z.

Horizontal rods or foot rings attached to the table or seat are undesirable

bicatise they generally require continuous muscle tension to keep the foot

on the bar and the small rods/rings do not permit leg and foot posture

changes (Murrell, 1969). The surface of the foot rest pan may be inclined

up to 300 in front of the user, providing support for the feet so that

even with the legs stretched out, the front edge of the seat does not cut

into the underside of the thighs or popliteal (Croney, 1971). The foot

rest pan should also be concave to acccmmodate the normal movement of the

foot (Ayoub, 1971). Table B-7 Includes the proposed shape and dimensions

or foot rests as found in the literature. An integration of the discussion

and recommendations of foot rests is presented in table B-8.

OTHER SEAT DESIGN FEATURES

In addition to the design features discussed above, other features

are also important in seat design. Horizontal struts or other obstructions

should not be placed between the front legs of the chair or underneath

the front part of the chair (Floyd & Roberts, 1958). According to Keegan

(1962), the space between the floor and the front of the seat should be

3 open to permit the user to place his feet underneath the seat. The open

space beneath the front part of the seat permits changes in position, as

well as facilitates rising from the seat. In addition, space for the

free movement of the legs under the seat assists in maintaining the lumbar

curve during sitting since the backward movement of the legs relaxes the

posterior muscles of the thigh and allows the pelvis and sacral spine to

rotate and maintain a normal relationship with the lumbar spine (Croney,

UV 1971).
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According to Ayoub (1971), a seat rotating about a pivot Is often

desirable when the operator has to turn to perform his task such as when

I.- or U-shaped console/workplace are employed. The swivel seat allows

the operator to rotate from one area of the console/workplace to another

with ease. A desirable feature on the swivel seat is a lock by which

the seat can swivel or made stationary.

CONSOLE/WORKPLACE LEG ROOM DESIGN

The main design features of a console/workplace for the seated

operator is presented in figure 11-2. To properly accommodate the seated

operator, the console/workpl.ce must provide adequate leg room. If the

leg room is not adequate, the console/workplace should be designed for

the standing operator. Therefore, minimum values are needed for each

leg room dimension of the console/workplace design. T'ble B-9 presents the

proposed leg room dimensions for the console/workplace design as recommended

In the literature. A summary of the discussion and recommendations of

the leg room dimensions are included in table B-10.

Lt & room width clearance

The leg room width clearance 1i the distance or breadth for accommoda-

tion of the user's legs, especially the knees, under the work surface.

The minimum leg room should permit some. natural separation between the

inner thighs of the largest users (Roebuck, et al., 1975). Damon et al.

(1966) state that the knees can be comfortable considerably closer together

than the normal resting position, it the knees are supported laterally.

A wider leg room breadth is necessary, if the task necessitates freedom
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LI1

I. .El I.,_ _

G

D- B

A. Leg room width clearance
, B. Leg room depth clearance

... C. Leg room height clearanceB Leg o D. Thigh clearance

E. Foot clearance
A F. Height of the work surface

G. Maximum height of the console
I i H. Maximum console breadth

1 . Optimum panel angle

Figure B-2. Main Design Features of a Console/Workplace for the
Seated Operator
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of lateral movement and/or rotation of the femur.

Leg room depth clearance

The leg room depth clearance is the distance between the front edge

of the work surface and objects located in front of the user's leg,

especially the user's knees. The minimum leg room depth should accommodate

the insertion of the knees of the largest users so that the user's

abdomen may be in contact with the front edge of the work sarface (Roebuck

et aL., 1975). If the minimum requirement can not be met, then the

console/workplace should be designed for the Rtanding operator. If the

minimum leg room (knee) depth clearance requirement Is met, there should

be a cutout near the floor to accommodate the insertion of the user's

lower foot. The depth and height of the lower foot clearance depends

on the largest user's foot depth and foot height. According to Roebuck

et al. (1975), a minimum leg room depth of 18 inches permits some torso

slump, assures space in front of the knee, and allows 900 knee angle if

there is relief at the bottom of the desk to permit foot forward exten-

sion. A more generous open leg room than the minimum permits forward

movement of the lower leg and, consequently, permits long-term seating

com fort.

Lea room height clearance

The leg room height clearance is the distance between the floor

or foot rest pan and the underside of the work surface. The minimum leg

room height clearance shculd accommodate the largest users' knee height,

plus shoe heel height, when the user's lower leg is vertical. The leg

room height clearance is dependent on the work surface height (Ayoub, 1971;

Kroemer, 1971), As the work surface height is decreased, there is a
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corresponding decrease in the leg room height clearance. If the minimum

le), room height can not be met, the console/workplace should be designed

for the standing operator. Foot pedal operation may raise the foot and

consequently the knee (Damon, et al., 1966). If foot controls are used

by the operator, the leg room height clearance is the distance from the

foot control to the underside of the work surface.

'Thigh clearance

The thigh clearance is the disatice between the seat pan and the

underside of the work surface (Morrison, 1965). The clearance must be

sufficient to allow clearance ct the upper surface of the knee and the

thigh when shoes are worn (Floyd & Roberts, 1958). The minimdm thigh

clearance should accommodate the Lnighs of the largest users wten the

,;eaL pan height is at the middle of it3 adjustabill'-y. According to Damon

et al. (1966), advancing the foot lowprd the thigh clearance height but

requires more space forward of the operatjr.

CONSOLE/WORKPLACE DESIGN

As opposed to the leg room clearnnce , other console dimensions are

based cn maximum values. For example, the placement of controls should

1), based on the reach of the smallest operators. 'able B-11 includes the

recommended dimensions of a console/workplace as found in the literature.

A summary of the discussion and recommendations of the console dimensions

are presented in table B-12.

Height of the work surface

The height of the work surface can not be fixed and be useful for all

types of tasks (Ayoub, 1973). For fine work, the work piece should be
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located 10 inches from the eye position and 6 inches above elbow height.

Sitting is mandatory for this type of task. For precision work, the

work turface should be 2 inches above the elbow height. For writing

or light assembly work and for course or medium manual work, the work

surface height should be, respectively, 4 inches and 8 inches below the

elbow height (Avoub, 1973).

Maximum height of the console

The maximum height of the console depends on whether vision is

required over the top of the console. A second requirement is whether

the user will sit only, stand only, or alternately sit and stand

(Kennedy & Bates, 1965). If vision is not required over the top of the

console, the maximum height is limited to the grasping reach of the

smallest users if controls are placed in the upper regions of the console,

and to visual fields of the users if only displays are placed in the upper

regions. If vision is required over the top of the console, the maximum

height of the console is limited to the eye height of the smallest users.

For the sitting only console, the maximum height of the console is limited

by the value of the smallest users' eye height sitting. The maximum height

of the standing only console is limited by the value of the smallest users'

standing eye height (Kennedy & Bates, 1965).

Maximum console Dreaach

The maximum console breadth is limited by the grasping reach of the

:;mallest users if controls are placed in these areas and/or to the visual

fields of all users if only displays are positioned in these areas (Kennedy

& Bates, 1965), The work surface width is limited by the reach of the

smallest users.

B-75

I



Optimum panel angle

The panel angle should permit adequate vision and, if controls

are placed in the upper regions, of the panel angle, should be within

convenient grasping-reach of the user's population. As the panel

angle increases, the upper part of the panel is displaced farther away

from the operator and becomes less convenient for the smaller users to

reach. At angles greater than 150, the upper section of the panel

becomes inaccessible to the smaller operators unless he bends forward

at the hips (Kennedy & Bateb, 1965).

Discussion

In another section, the literature collected and annotated by

Dannhaus, Dixon, Adams, & Roth (1976) has been partially integrated.

Brief abstractions of the design features, remarks and previous rec-

ommendations are pregented in tabular format. The tabular format is

provided to permit quick reference for those Interested (e.g., designers)

in sailient design considerations, their logical busis, or as a brief

survey of previous quantitative and qualitative recommendations. The

text contains a fuller, more comprehensive discussion of each design

feature and is suggested reading prior to first use of the tables.

The text and tables are an incomplete integration, however, because

of lack in current data.

In initiating this report, it was hoped that a complete integration

of the literature would be possible. tn particular, i was hoped that

recommendations for all relevant variables could be made which would

meet the 90 per cent accommodation requirement of Ohe current military

standard, MIL-STD-1472B (DoD, 1975). Lack of systematic collections

of current data and failure of previous anthropometric surveys to collect
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relevant design variables (e.g., L-5 vertebra, T-12 to L-5 distance height,

lntr.-liac crest width) have frustrated the hope for complete integra-

Lion. 'llte current study does, however, provide a basis for developing

a complete integration. Previous recommendations have been collected

and presented In a manner to facilitate quick reference. Relevant

workplace anthropometric variables have been identified dnd related to
*1

specific workplace dimensions . The current report, therefore, provides

the means for partial evaluations of a proposed workplace design and

Is a step toward a complete workplace design integration.

LI RECOMMENDATIONS

Based on the finding of this report, the following recommendations

are made:

I. Systematic collection of relevant current data, as noted in the

text, should be made in a format suitable for updating.

2. All workplace anthropometric data, as noted in the text, should

be collected upon current relevant populations.

1A model for Integrating these variables, it is notewcrthy, haL been
illustrated in a previous report (Bittner, Dannhau3, and Roth). This report
shows that at least the 1.75th-to-98.25th percentile rana~e must be
:a, mmodat(d whe.re a (Convent IooaI "one-dimE ns Ion-at-a-tIme" design approach
Is employed to accommodate 90 per cent of the porential user population.

B-77



REFERENCES

fkrim B. Chairs and sitting. in W. F. Floyd and A. T. Welford (Eds.),
Sympoium on Huma, Factors in Equipmjvot Design. Londor: H. K. Lewis,
1954.

Ayoub, M. M. Posiure in industry. Paper presented at Human Factors Society
Meeting, New York, Oct 19-21, 1971.

Ayoub, M. M. Work place design and posture. Human Factors, 1973, 15, 265-268.

Iittner, JIr., A. C., lDannhaus, D. M., & Roth, J. T. Workplace Accommodated
PercenLage Evaluation: Model and Preliminary Results. Point Mugu,
Ca.)Jfornli, Pacific Missile Test Center, 1976. (TP-76-IC).

Branton, P. Biehavior, body mechanics and diiscomfort. Ergonomics, 1969, 12,
316-327.

4 Burandt, U. & Graiidjean, E. Sitting habits of office employees. Ergonomics,
1963, 6., 217-228.

Croney, .1. Anthropometrics for Designers. 'Jew York: Van Nostrand Reinhold Co.,
1971.

Danon, A., Stoiidt, H. W., & McFarland, R. A. The Human Bodyin Equipment
Ct!sIgn. Cambridge, Massachusetts: Harvard University Press, 1966.

IDannhauu, 1). M., Dixon, D. J., Adams, r'., & Roth, J. T. Seating, Console,
and Workplace Design: An Annotated Bibliography. Point Mugu, California,
Pacific Missile Test Center, 1976. ('TP-76-1A).

Darcus, It. D. & Weddell, A. G. M. Som'e an .tomical and physiological principles
concerned in the design of seats for naval war weapons. British Medical
Bulletin, 1947, 5, 31-37.

Department of Defense (DoD). Human Engineering Design Criteria for Military
Systems, Equipment ard Facilities (I-TL-STD-1472B), 1975.

Ely, J. ht.. Thomson, R. M., & Orlansky. .1. Layout of Workplaces (Chapter 5
of tht ;uint Serv4cps Human Engzi'eezin- Guide to Equiipmepnt Design).
Wright Air Developmcnt Center, 1956. WADC Tech. Report Sb-ill.

Floyd, W. F. & Roberts, D. F. Anatoniccl -ad ihysio'og1cal principles In
chair and table design. Ergo non-s, t958, ?, 1-16.

Grandican, E., Boni, A., & Kretzschmar, Hi. The development of a rest
chair profile for healty and norrniglc people. E-gonomics, 1969, 12,
307-3 15.

Grandjean, E., Hunting, W., Wotzka, G., &Scharer. Ri. An ergonomic investi-
gation of niultipurpo-,e chairs. Hur.an Factors, 1973, 15, '6-255.

B- 78



Hooton, E. A. A Survey in Seating. We;tpurt, Connecticut: Greenwood Press,
1049).

J ,nes, .J C. MCLhods a.id results of seating research. Eonmics, 1Q69, 12,
17,-181.

Karvnen, M. J., Koskela, A., & Noro, L. Preliminary report on the sitting
postures of school children. Ergonomics, 1962, 5, 471-477.

Keegan, .I. I. Alterations of the lumbqr curve related to posture and seating.
Journal of Bone and Joint Surger, 1953, 35, 589-603.

Keegan, .I. J. Evaluation and improvement of seats. Industrial Medicine and
Surgery, 1962, 31, 137-148.

Kennedy, K. W. & Bates, Jr., C. Development of Design Standards for Ground
Support Consoles. Wright-Patterson Air Force Base, Ohio: Aerospace
Medical Research Laboratories, 1965. AMRL-TR-65-163.

Ko.ker, A. L. & Frey, A. Seating heights and spacing. Architectural Record,
1932, 71, 261-269.

Kroemer, K. Hi. E. Seating in plant and office. American Industrial Hygiene
Association Journal, 1971, 32, 633-652.

Kroemer, K. H. E. & Robinette, J. C. Ergonomics in the design of office
furniture. A review of European literature. Industrial Medicine and
Surgery, 1969, 38, 115-125. Also published as AMRL-TR-68-80. Aerospace
Medical Research Laboratories, Wright Patterson Air Force Base, Ohio,
1968.

Kubokawa, C., & Woodson, W. Databook for Human Factors Engineers Vol. I:

Human Engineering Data. San Diego, California: Man Factors, Inc.,
Nov. 1469. (NASA-CR-114271).

iLv Carpentier, E. F. Easy chair dimensions for comfort - A subjective approach.
Ergonomics, 1969, 12, 328-337.

lay, W. E. & Fisher, L. C. Riding comfort and cushions. Journal of the SAE
(Transactions). November, 1940, 482-496.

McCormick, E. J. Human Factors Engineering. New York: McGraw-Hill Book Co.,
1970.

McFarland, R. A., Damon, A., Stoudt, H. W., Moseley, A. L., Dunlap, J. W., &
Hall, W. A. Human Body Size and Capabilities in the Design and

* Operation of Vehicular Equipment. Boston, Massachusetts: Harvard
School of Public Health, 1953.

Morgan, C. T., Cook, J. S., Chapanis, A., & Lund, M. W. Huan Engineering
Guide to Equipment Design. New York: McGraw-Hill Book Company, 1963.

Morrison, J. F. Design of machinery and protective equipment to take account
of static and dynamic anthropometric measurements. The South African
Mechanical Engineer, 1965, 230-233.

B-79

Ii
It
4;.. .. .... ...

r I l .. I 1 1 1 lI lnn: ll



Murrell, K. H., Ergonomics. London: Chapman & Hall, 1969.

Nissley, H. R. A study of factory chaits. The Management Review, Dec., 1949,
669-671.

Oxford, W. F. Anthropometric data for educational chairs. Ergonomics. 1969,
12, 140-161.

Ridder, C. A. Basic Design Considerations for Sitting. Agriculture Experiment
Station, University of Arkansas, Fayetteville, Oct., 1959. Bulletin 616.

Roebuck, Jr., J. A., Kroemer, K. H. E., & Thomson, W. G. Engineering
Anthropometry Methods. New York: John Wiley and Sons, 1975.

Slechta, R. F., Wade, E. A., Carter, W. K., & Forrest, J. Comparative

Evaluation of Aircraft Seating Accommooation, Wright Air Development
Center, 1957. WADC Tech. Report 57-136.

Van Cott, H. P. & Kinkade, R. G. Human Engineering Guide to Equipment Design.
Washington, D. C.: U. S. Government Printing Office, 1972.

Washburn, C. T. Stadium seating. Architectual Record, 1932, 71, 270-272.

Weddell, G. & Darcus, H. D. Some anatomizal problems in naval warfare.

British Journal of Industrial Medicine, 1947, 4, 77-83.

Woodson, W. E. & Conover, D. W. Human Engineering Guide for Equipment Design.
Berkeley, California: University of California Press, 1964.

Wotzka, G., Grandjean, E., Burandt, U., krutszschmar, H., and Leonhard, T.

Investigations for the development of an auditorium seat. Ergonomics,
1969, 12, 182-197.

B-80

:1



SECTION C

WORKPLACE-ACCOMMODATED PERCENTAGE EVALUATION:
Model and Preliminary Results

By

A. C. Bittner, Jr.
Dale M. Dannhaus
J. Thomas Roth

of

Texis Tech University

Lubbock, Texas 79409

i

*1-

r



CONTENTS

9 Page

SUMiMARY. .. .. ........... ........... .... C-3

INTRODUCTION. .. ...... .............. . . . . C-4

Background .. .. ...... ............ ..... C-4

4Probem . .. .. .. .. ... .. .. .. .. .. ...- 4

Purpose. .. ....... ........... ....... C-5

MTHOD .. .. ........... ........... ..... C-6

Approach .. .. ...... ........... ....... C-6

Analysis of the Critical Anthropometric Dimensions.......c-6

Model .. .. ........... .............. C-i1

RESULTS .. .. ....... ........... ......... C-12

DISCUSSION .. .. ........... .............. C-i14

CONCLUSIONS AND RECOMMENDATIONS. .. .. ........... ... C-16

APPENDIX

Definitions of Anthropometric Features .. .. ......... C-18

REFERENCES .. .. ............ ............. C-20

I TABLE
C-i. Anthropometric Dimensions Important in Seat-Console

Design and Their Intercorrelations...........C-13

FIGURES

C-i. Flow Diagram of Adjustable Chair Accommodation
Checks for a Sample Subject . . . . . . . . . . . c-7

C-2. Continuation of Flow Diagram for Adjustable Chair
Checks When Mobility-Turning of Torso Required. . C-9

C-3. Flow Diagram of Sit-Only No-Vision Over Console
Checks for a Sample Subject .. ... .......... C-10

C-4. Demonstration of Accommodated Percentage Workplace
AnAlysis: -tt-Only No-Vision Over Console with
Minimum Torso Turning Required. .. .. ......... C-15

C-2
kA



SUMMARY

Section C describes a procedure for determining the percentage ex-
cluded from a seat-console design, given the percentage excluded on
individual dimensions. In addition, cutoff percentages were established
to ensure accommodation of approximately 90 percent of the total poten-
tial user population.

Seven critical anthropometric variables for seat-console design were
identified and decision flowcharts for these anthropometric variables
were developed. A "computerized accommodated percentage evaluation
(CAPE)" model was used to depermine the percentage excluded on the total
design of a seat-console as critical limits were imposed on each indi-
vidual anthropometric dimension. Where 90 percent of the potential user
population is to be accommodated by the total seat-console design, it
was recommended that at least the 1.75t:h-to-98.25th percentile range
must be accommodated where a conventional "one-dimension-at-a-time" de-
sign approach is employed.

Results of this report are applicable to meeting MIL-STD-1472B
criteria for accommodating 90 percent of the potential user population.

4
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II
I INTRODUCTION

-. Background

Traditionally, workspaces have been designed to accommodate individuals

with anthropometric features within specified percentile ranges. In setting

design limits it is frequently the practice to use a range from the 5th to the

95th percentile values for critical body dimensions (Morgan, et al., 1963;

McCormick, 1970; Van Cott et al., 1972; Roebuck et al., 1975). For any

body dimension, the 5th percentile value indicates that 5 perceat of the

population is equal to or smaller than that value, and 95 percent is larger.

Likewise, the 95th percentile value indicates that 95 percent of the popula-

tion is equal to or smaller than that value and 5 percent is larger.

Theoretically, 90 percent of the total user population will be accommodated

for a given dimension in the workplace.

Problem

When two or more dimensions are used simultaneously as design parameters,

as is usually the case in designing workspaces, the problem becomes more com-

plex. Although the proportion of the population accommodated is an important

design criterion, it is not readily available. The Human Engineering Criteria

V for Military Systems, Equipment, and Facilties (MIL-STD-1472B), for example,

requires that "where two or more dimensions are used simultaneously as design

parameters, the central 90 percent of the total user population must be ac-

commodated" (DoD, 1974, p. 99). Th,s to melt this standard all equipment must

be destgned to accommodate 90 percent of a user population jointly on all

anthropometric variables. Conventionally, designers have used the 5th-to-95th-

percentile range for each individual dimension used in a workspace design.

According to Moroney and Smith (1972). the untenable assurption underlying
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th, "one- dimension-at-a-time approach" is that individuals with one anthropo-

metric characteristic outside tolerance limits will exceed the es-

tablished range on all other anthropometric features. When such a proc3dure

is employed, the accommodated proportion of the potential user population

(Pa) is not readily apparent because of the correlations between features.

I, fact, Daniels (1952) and Moroney and Smith (1972) employing large-scale

empirical studies demonstrated that the proportion of the potential user

population exclusion (1 -Pa) may be quite large -- iindings supported by an

analysis in Roebuck et al. (1975). Moroney and Smith tor example, examined

thirteen anthropometric features related to cockpit design for 1547 naval

aviator personnel. Employing the 5th-.to-95th percentile critical design

limits for all thirteen dimensions, 52% of thn population was excluded;

while for the critical design limits of 3rd-to-98th percentile, over 32% of

the original population was excluded. In view of the existing requirement

of MIL-STD-1472B that equipment must be designed to accommodate the central

90 percent of the proposed user population, mote stringent design limits

than the conventional 5th-to-95th percentiles need to be determined.

Purpose

The purposes of this report are:

t. To describe a procedure for determining the percentage excluded

from a seat-console design given the percentage excluded on individual

dimensions.

2. To establish, for a general seat-console design, cutoff percentages to

'n-wr. accommodation of approximately 90% of the total potential user

population.
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METHOD

Approach

The determination of the percentage excluded by the total seat-console

design from the percer.tages excluded on the individual dimensions was conducted

in two phases. During the first phase, the critical anthropometric variables

for a general seat-console design were identified. In the second phase, a com-

puterized accommodated percentage evaluation (CAPE) model (Bittner, 1974, 1975)

was employed to determine the percentage excluded on the total design of a

seat-console as critical limits were imposed on each individual anthropometric

dimension.

Analysis of the Critical Anthropometric Dimensions

In an earlier report, anthropometric dimensions considered important to

the general seat-console integration design were presented (cf. Dannhaus et

al., 1976). These were evaluated, in the present study, in relation to a

basic and very widely used seat-console design. The design selected was a

console to be used in a sit-only position in which vision was not required

over the top of the console. In addition, little or no torso movement was as-

sumed to be required of the user of the console.

A flow diagram of relevant anthropometric dimension restrictions which

limit the accommodation of users in an adjustable chair is presented in figure C-

1. It should be noted that the critical lnmits (e.g., 3rd, ! 5th, or :

percentile and . 95th, 98th, or lO0- vpercenUOl. should not be applied

at both extremes for all individual 1imenslons. For examp: -, the dimensions

of seat pan width may not accommodate users with large hip breadths, but it

will accommodate all user's hip breadtns regardless of how small (.e.,
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hip breadth < 100-a percentile). Contrarily, seat pan depth ma) not accommo-

date users with small buttock-to-popliteal lengths, but the seat pan depth

should accommodate all other users' buttock-to-popliteal lengths (i.e., buc-

tock-to-popliteal lengths > a percentile).

The first anthropometric dimension examined was buttock-to-popliteal

length. If potential users' buttock-to-popliteal length were not greater

tha.i a percentile, then they were judged not accommodated by the depth of

the seat pan. The second variable considered was popliteal height which

corresponds to the height of the seat pan. Potentirl users who were not

accommodated -.ere those users whose popliteal height was less than a per-

centile. The next dimension examined was hip breadth. Potential users whose

hip breadths were greater than 100-a percentile were not accommodated by

the seat pan width. The fourth dimension was the L-5 vertebral height which

corresponds to the heighth of the space between the seat pan and Lhe bottom

edge of the hack rest. Because data for the relationship of the L-5 verte-

bral height with other dimensions were not available, cervical height cor-

relation were used in place of L-5 correlations. Hence, users whose "esti-

mated L-5 height" was greater than 100- a percentile were judged not accom-

modated by the space between seat pan and hack rest.

As the seat-console design selected for analysis was one in which little

or no movement of the user was required only the above four relevant anthro-

pometric dimensions for the seat were analyzed. If movement of the user will

be required at least two more ,,thropometrtc dimensions must be analyzed,

viz., intra-iliac crest width and T-12 to L-5 distance (see firgure C-2).

VI81 , C-3 sOws the flow diagram of anthroponetric dimension exclusion

procedures relvpi for a sit-only console in which visior over the console
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is not required. The first anthropometric dimension examined was sitting

knee height which corresponds to vertical ielg room underneath the console

dv ktop. Potential users whose sitting knee helght exLeeded the lO0-a

pt-rvit Ile wre not accomuodateo by the vertical leg room underneath 1he

desktop. The qet.ond dimension coisld.,red was the sitting abdomen-knee

length. The abdomen-knee length dimension was associated with the depth

needed io accommodate the L sertion of the knees under the desktop so that

the abdomen may be in curtarL with the dc3k front. It users' abdomen-knee

lengths were greater thar 100-a percentile, then the users were judged not

accommodated on this dimension. The last dimension analyzed was the func-

tional arr-reach. Potential users whose functional arm-reach was less than

( percentile were not accommodated by the console design.
1

Model

'The seconJ phase of the study was concerned with estimating the percen-

tage of users that would be excluded from the total seat-console design when

respective a or 100-a percentiles were applied individually to each of the

seven anthropometric dimensions. To make this estimate, an implicit multi-

variate normal model was constructed for the seven anthropometric variables

, :scusstd above, and exercised by a Monte Carlo computer routine developed

by Bittner (1974, 1075)2 . The correlition matrix used for this model is

1
Appendl-- A contins the definiton of several anthropometric variables, in-
cluding the sevtn identified above, and tells how each variable is measured.

2
An "implicit normal model", defined in Bittner and Moroney (1974), assumes
that monotonic transformations of the marginal distributions of variables
to normal, transforms their joint distribution to multivariate normal.
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glven in table C-i and lncluues variables useful in a broad range of seat and

console analyses--beyond the scope of current effort. The a and 100-a per-

centiles used as screening crizeria were the following: (1) 5th or 95th

percentile limits, (2) 4th or 96th percentile limits, (3) 2.5th or 97.5th

percentile limits, (4) 1.75th or 98.25th percentile limits, and (5) 1.15th

or 98.5th l, reentile limtts. An odd prime number starting seed (IX) was arbi-

trarily set at 41 for all runs (see Bittner, 1974 for discussion). The number

of Monte Carlo cases for all screening simulations was set at 400.

RESULTS

Figure C-4 represents the percentage of users excluded from the total de-

sign as a function of the pe-centage ot (400 sample) users excluded on each

individual dimension. It can be observed that when the 5th or 95th dercentile

critical limits were applied, about 25 percent of the potential user population

was excluded on one or more of the seven relevant dimensions. Even when the

vritical limits were made more stringent (to 2.5th r 97 5th percentiles),

approximately 15 percent of the user population was excluded from the total

design. Ten percent of the potential user population, the design limit for

Mll.-STD-1472B, was excluded from the total design when the critical limits

were set at 1.75th or 98.25th percentiles.

A second degree polynomial was fit to the data shown in figure C-4 (r =

0.999) to provide an approximation of the continuous trade off between percent

3These correlationa were extracted and/or derived from those of White et al.
(1971) and believed more representative of the general military population
than others which were available.
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: :Table C-I.

Anthropometric Dimensions Important in Seat-Console Design
and Their Intercorrelations

)imens ion Variable

1 2 3 4 5 6 7 8 9 10 11 12

1 Stature 1 .977 .776 .753 .878 .808 .684 .801 .627 .179 .331 .503

2 (:ervical 1 .726 .702 .898 .803 .705 .829 .626 .217 .364 .481
; Height

3 Sitting 1 .906 .507 .435 .310 .429 .362 197 .373 .212
: Height

4 Eye Height 1 .488 .418 .295 .410 .342 186 .355 .199

(sitting)

, !5 Knee Height 1 .843 .718 1.826 .675 .217 .319 .460

"" (sitting)

6 Popliteal
Height 1 .619 .653 .574 v060 -%006 .430

(sitting) -

7 But tock-
PopI iteaL 1 .853 .538 .205 .316 .486

- ILengt h

8 Buttock-
Knee 1 .610 .334 .453 .500
Iength

9 Functional 1 .163 .216 .328
Reach

I Chest 1 .663 .280
Breadth

II Hip Breadth 1 .184

(sitting)
1 12 Abdomen-Knee

:, Length

L~ sitting - - - - - - - - - -
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excluded on individual dimensions (x) and the total percent excluded (P ).
a

The resulting equation was Pa = 3.50 + 8.583 x - 0.583 x2 aid had a standard error of

0.28. This equation,over the range I to 5 percent exclusion on individual

dimensions, summarizes the data of ligure C-4.

DISCUSSION

This report demonstrates that the critical limits for each individual

dimension must be more stringent than the limits of 5th and 95th percentiles.

MIL-STD-1472B (DoD, 1974) states that where two or more dimensions are used

simultaneously as design parameters, the central 90 percent of the total

user population must be accommodated. Using a seat-console design with

fewer restrictions than other types, it was found that about 25 percent and

15 percent of the user population would not be acco dated by a design us-

ing 5th and 95th or 2.5th and 97.5th, respectively. It was also found that

to ensure, accommodations of 90 percent of a total potential user population

for the very basic seat-console design, analyzed in this report, the critical

limits of each of the seven anthropometric variables must be set at 1.75th

and 98.25th percentiles.

As the sea.-console design requirements are increased (e.g., sit/stand

with vision over the top of the console) and consequently more anthropometric

variables are employed, the critical limits of each individual anthropometric

variable may have to be set at more stringent limits than found in this re-

port. Likewise, in designs where some accommodations are fixed at specific

percentile values (e.g., many standard consoles accommodate only 5th percen-

tile reaches), non-fixed variables woIld require more stringent limits if

90 percent total accommodation is to be 'ealized. In these cases analyses
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4
similar to that used herein could be emphasized and can be recommended. How-

ever, adoption of the 1.75th and 98.25th percentile for adjustments would

provide immediate improvement toward the goal of the MIL-STD-1472B.

CONCLUSIONS AND RECOMMENDATIONS

Based on the results of this study, the following conclusions have oeen

reached:

(1) In order to accomplish detailed analyses of accommodation of poten-

tial users by the total design, it is necessary for the designer to utilize

a model such as the one developed by Bittner (1974, 1975).

(2) There is an apparent shortage and weakness in the available anthro-

pometric data. For example, there is little data available on the height of

the L-5 vertebra, the intrailiac crest width, or the T-12 to L-5 distance.5

(3) More stringent critical limits than the conventional 5th and 95th

percentiles must be set on each individual anthropometric dimension, if 90

percent of the potential user population is to be accommodated by the total

seat-console design. For purposes of seat-console design, at least the 1.75th

through 98.25th range must be accommodated if a conventional "one-dimension-

at-a-time" design approach is employed.

4The correlation matrix provided in tab e C-I and the interactive nature of
the CAPE model (Bittner, 1975) makes this an easy possibility.

5Data are currently being developed by Texas Tech Unive'slty which should

at least partially meet these needs.

C-16



..............

Appendix

Definitions of Anthropometric

Features

C-1



A Definitions of Critical Anthropometric Dimensions

Stature Subject stands erect, looking straight ahead. The measurement

is the vertical distance from the floor to the top of the head.

L-5 Height Subject sits erect, looking straight ahead, with knees and

ankles forming right angles. The measurement is the vertical

distance from the sitting surface to the spine of the L-5 ver-

tebra.

Sitting Height Subject sits erect, looking straight ahead, with knees and

ankles forming right angles. The measurement is the vertical

distance from the sitting surface to the top of the head.

Eye Height Subject sits erect, looking straight ahead, with arms hanging
(Sitting)

loose with forearms and hands extended parallel to sitting sur-

face. The measurement is the vertical distance from the sitting

surface to the inner corner of eye (inner c&nthus).

Sitting Knee Subject sits erect, with knees and ankles forming right angles.
Height

The measurement is the vertical distance from the footrest sur-

face to the upper most point on the knee.

Popliteal Subject sits erect, with knees and ankles forming right angles.

V Height
The measurement is the vertical distance from the footrest sur-

face to the underside of the right knee (popliteal area).

Buttock- Subject sits erect, with knees and ankles forming right angles.
Popliteal
Length The measurement is the horizontal distance from the plane of

the rearmost point on the buttocks to the back of the lower leg

at the knee.
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Buttock-Knee SuWect sits erect, with knees and ankles forming right angles.
Length

The measurement is the horizontal distance from the plane of

the rearmost point on the buttocks to the front of the knee (knee-

cap).

Functional Subject stands erect in corner, with shoulders against rear wall,
Reach

right arm extended horizontally along side wall with thumb and

forefinger together. The measurement is distance from the wall

to top of thumb.

Chest Breadth Subject stands erect, breathing normally, arms hanging naturally

at sides. The measurement is the horizontal distance across the

chest at nipple level.

Hip Breadth Subject sits erect, with knees and ankles forming right angles,
(Sitting)

and the knees and heels together. The measurement is the maxi-

mum horizontal distance across the hips.

Sitting Subject sits erect, with knees and ankles forming right angles.
Abdomen-Knee
Length The measurement is the horizontal distance from the plane of the

outermost point of the abdomen to the front of the knee.

i
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SUMARY

The approach used to measure reach in many anthropometric studies
has been to take only a single measure of maximum reach--measuring only
the maximal forward reach of the preferred arm from a vertical surface
with a standing (erect) subject.

The present work considers this method to be inappropriate for the
measurement and/or extrapolation of reach envelopes for design purposes.
More sophisticated methods for the measurement of reach envelopes have
been developed over a period of years. A criticism of all these methods,
however, is that they were designed for static measurement of reach
capability and, frequently, are limited with respect to accuracy.

Section D describes the development and validation of a reach ap-
paratus that would overcome the above criticisms. Summary statistics
for reach envelopes as well as graphic plots of the reach envelopes
are presented.

1
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AYOUB REACH ANTHROPGMETRIC (ARA) FACILITY

Back~rond

The approach which has typically been used to measure reach in many

c'lasile' .nthropometric studies has been to take only a single measure of

n.xlmom rvnch. Thi Involves measuring only the maximal forward reach of

the preferred arm from a vertical surface with a standing (erect) subject.

Design recommendations based on extrapolations from such a single measurement

are necessarily erroneous for the following reasons: first, no information is

provided regarding the characteristics of movement in various horizontal and/or

vettieai planes of the reach point. Secondly, the measurement is typically

made from a wall surface rather than from a landmark on the body usable as a

reference point, such as the acromiale. The present work, therefore, considers

this method to be inappropriate for the measurement and/or extrapolation of

reach envelopes for design purposes.

More sophisticated methods for the measurement of reach envelopes have been

developed over a period of years. Wright (1963) describes an apparatus developed

by Frankenstein and Sons capable of measuring the entire reach envelope by

m chanlcal means. This method, while involving the use of a cumbersome framework,

Is capable of rotation about the subject's neutral seat reference point (SRP)

and can measure reach at about five-degree arc increments. The major disadvantage

of this apparatus is that it is capable of yielding only static measures of

reach capability.

Adaptations of the Frankenstein apparatus have appeared in several recent

studies. Kennedy (1974) described an adaptation of Frankenstein's apparatLs

with minor modifications to the original design. Laubach and Alexander (1974)

employed an apparatus similar to the Frankenstein apparatus, which employed

potent ometric measurement of reach displacement rather than calibrated rods,
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thus giving somewhat gicater accurac . Bohn and Gregoire (1974) also

developed i similar compuerized mod fication of the Frankenstpin apparatus.

AnoLher system of reach measurement similar to that developed by Morant

(1945) was used by Gregoire (1973), in which the subject's reach was made

against a ruled backg-ound grid. Reach was measured by means of a

differentially ruled foreground grid comparison.

Ayoub Reach Apparatus (ARA)

A criticism of all these methods of reach envelope measurement is that

they were designed for static measurement of reach capability, and, frequently

are limited with respect to accuracy.

The purpose of the present report is to describe the development and

validation of a reach apparatus that would overcome the above criticisms of

methods of reach measurement. The present devire, identified herein as the

Ayoub Reach Anchropometer (ARA, is a modil ication of a design by Ayoub (1972)

which in its original form has been previously used in studies at Te. as Tech

University (Raheja, '"66; Taraman, 1973; Petruno, 1972; Ayoub, 1972). The ARA

consists of a three-..is potentiometer system capine of sensing position or

motion in three-dimensional space. The axes measured by the potentiometers are

vertical (elevation) angle from the apparatus center, horizontal (azimuth) angle

from the apparatus center, and radius displacement of the device arm. The

apparatus is shown in figure D-1.

For the purposes of the present study the device used by Ayoub (1972) was

modified in several ways. First, the Length of the rod measuring radiis dis-

placement was increased to about two meters (6.5 feet) )n order to allow fer

measurement of greater amounts of displacement and a widei range. Second, the

vertical (elevation) angle allowable in the device was increased by fitting

.1 modified (deeper) yoke In which the app iratus pivots on the vertical axis.
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Figure D-1. Ayoub Reach Anthropometer (ARA).
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A third modification involved fitting the apparatus with a rotatable handle

and yoke for the subject's grip for grip-center reaches. With these modifications,

the AR becomes a versatile apparatus for describing a subject's reach envelope

accurately and completely.

Another feature of the Ayoub Reach Facility (ARF) is a locally-fabricated

*. adjustable chair (shown in figure D-2). This chair features an adjustable

backrest angle (90-150 degree range), an adjustable backrest height above the

seat pan (0-25 cm above SRP), adjustable swivel position (360 degrees) and an

adjustable seat height (47.5 cm to approximately 130 cm). The chair was not

adjusted in this study but was set at a fixed height for subjects; however,

its adjustability will be useful in later studies investigating the effects of

seat back angle on the reach envelope. Also fitted to the chair was an adjustable

toorrest which was adjusted to accommodate the subjects. Seat height in the

I present study was 47.7 cm, backrest angle was 103 degrees, height of the seat

back from the seat pan was 13 cm and the seat was rotated so that its forward

plane was the same as that described by the SRP and the center of motion of the

ARA. Also incorporated in the chair design were adjustable lap and shoulder

belts for restraint of the subject in a manner similar to that of a fighter

cockpit. The seat reference point is located 12. 7 cm forward from the center

of the ARA vertical post. Figure D-3 shows a subject seated in the chair under

maximum shoulder-harness and lap belt restraint.

In order to define the reach positions for the reach protocols, an apparatus

was fabricated for this purpose. This apparatus consists of a horizontal,

rotatable bar suspended from the ceiling of the experimental room, supporting

a vertical length of light chain. Thky center of rotation of this bar is placed

K .~directly above the SRP. Also part of the alignment system are a number of

-azimuth-reference lines inscribed upon the floor of the experimental room and on

*the support plate of the positioning apparatus. Azimuth alignment of this

D-8
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Figure D-2. Ayoub Reach Facility (ARF) Adjustable Chair.
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device consisted of aligning the support (ceiling) bar with the overhead

reference lines and aligning a plumbbob at the end of the chain with the floor

reference lines. This method results in an azimuth-angle accuracy of + 1 degree

relative to the SRP-ARA-center of rotation (the 0, 0, 0 point of the appratus

Itself). Elevatlon alignment marks (or tags) are referenced from the Vertical-

Angle Reference Point (VARP), which is an imaginary point located in space

above the SRP and at the same height as the center of rotation of the ARA.

Angles referenced by this apparatus range from +120 degrees to -45 degrees

In Lhe azimuth plane and from -60 degrees to +75 degrees in the elevation

plane. The accuracy of elevation angles as well as azimuth angles was found

Io he about + I degree. Figures D-4 and D-5 show the alignment apparatus.

Power for the potentiometers of the ARA is supplied by regulated + 10

volt power supply, attenuated by the operational amplifiers of an analog

computer. Signals from each potentiometer and from the experimenters' sample-

request switch are cabled to the analog-to-digital converter of a PDP-12 computer

(see Figure D-6).

Upon receiving a sample-request pulse from the experimenters' switch, the

computer samples and digitizes the potentials from each channel of the A-to-D

converter and stores the digitizer information in core data buffers. These

potentials represent the azimuth, elevation and radJua for each point. (See

Appendix A for flow charts and listings of the computer software employed).

Upon completion of an entire 121-point reach protocol, the computer automatically

stores the three data buffers on magnetic tape for later decoding.

The major limiting factor on the accuracy of the above described system

Is the resolution ability of the analog-to-digital converter involved in digitizing

the data. The standard (+ 1 volt range) units used with the PDP-12 are 12-bit

D-II
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Figure D-5. Cei 1ing-Mounted Portion of Alignment System
Showing Rotating Brand Plumbtine.
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converters, but three bits are used for sign desig:etion in the resultant

digital word, thus giving only 9-bit accuracy, or 1/1024 of the entire

range of the converter. This translates into a resolution of .187 degrees1or the potentiometers used for ARA angular measurement of azimuth and

CevItlon and to .125 cm for the potentiometers used for radlus-arm

displacement measurement, Due to the limited range or resolution of the con-

vertt'r with the radius arm, an offset center (60 cm from the end of the arm

nearest the subject) was used and corrected with a software routine to compensate

for the "lost" 60 cm.

The linearity of potentiometers used in a system such as this one also

poses a potential problem, especially if the potentiometers are applied across

much of their :al -ange. Some over-tolerance nonlinearity was found in the

potentiometrcs used in the ARA. The degree of nonlinearity for each potentiometer

wa.s d,t,, 'm(ied aross the needed ranges, and software routines incorporated

In tl, ,Itdcoding programs were used to correct for this problem.

lResolutIon and accuracy measures were taken prior to data collection and

found to be adequate after having been digitized and decoded. Accuracy was

found to be within the 1% maximum tolerable error for each of the measurement

axes. The reliability of the system was also tested. Prior to data collection,

repreated measures were taken to 20 fixed points with known spatial coordinates

and for two subject protocols using the same subject with the same experimenters

taking reach measures. Correlations between one measurement and its counterpart

on another reach protocol or positioning series were found to be greater than

.99 for all test protocols.
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Method

Subjects consisted of 25 males, ages 18 to 42 years old, and 24 females

ages 18 to 22 years old. Subject weights ranged from 45.45 kg to 71.48 kg

for females and 65.57 kg to l~i.02 kg for males. Height for females was

150.6 cm to 180.5 cm and 166.2 cm to 191.2cm for males. This distribution

of he-ights and weights and how it was determined is described in more detail

in appendix B and in tables D-1 and D-2 which give the height-weight cate-

gories used for males and females. Tables D-3 and D-4 give the subjects'

anthropometric data.

Procedure:

Subjects were asked to wear shorts and T-shirts (or halters for females)

for static anthropometric measurements. The subject was then screened by height

and weight to determine if she/he fit into one of the needed heiglt-weight

categories. While this was being done the subjects name,age, and sex were

recorded by another experimenter. If the subject fit one of the desired

height-weight categories, the following static anthropometric measures

were taken: stature, weight, sitting height, sitting eye height (slumped

and erect), acromiale height (sitting--preferred side), biacromial diameter,

bitrochanter breadth, buttock-knee length, buttock-popliteal length, sitting

knee height, popliteal height, acromiale-radiale distance, radiale-stylion

distance, stylion-knuckle length, styLion-fingertlp length, siylion-thumbtip

length, thumb length, grip length, C-7 height (sitting), L-I height (sitting),

thigh height (sitting) and stomach depth (sitting).

Following these measurements the subject was seated in the chair and

restrained with lap and shoulder straps pruparatory t) the first reach protocol.
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TabI c Dl- I Height-Weight Stratified Sample

(Males Only)

102.9

0 1/2 1/2 1.5 2.5

85.0

1/2 1.0 1.0 1.0 1.5b 80.0

1/2 1.0 2.0 1.0 1/2

:c 75.6

1.5 1.0 1.0 1.0 1/2

71 .0

2.5 1.5 1/2 1/2 0

56.7 ____

164.0 172.4 175.9 179.1 182.8 192.8

Heio'nt (cm)
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.Table D-2. Height-Weight Stratified Sample

(Female Only)

82.05

0 1/2 1/2 1.5 2 5

63.73 '

1/2 1.0 1.0 1.0 1.5

59.12

1 I/2 1.0 2.0 1.0 1/2

" 55.5

1 .5 1 .0 1 .0 1 .0 112

51.41

2. 5 1 .5 1/2 1/20

148.2 156.8 160.4 163.6 167.2 178.1

Height (cm)

II1
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ne( hundred and twenty reach points were taken with the subject holding the

grip handle of the ARA. Experimenter 1 (El) supported the subject's

arm on each reach and positioned the angle of reach in the vertical plane.

Experimenter 2 (E2) sighted and corrected the reach azimuth angle in the

horizontal plane using the plumb line suspended from the ceiling. When the

subject's arm was in the proper position, E2 pressed a switch signaling

Lhe tomputer to sample the voltages currently registering in the potentiometers,

one lor verLical angle and one for azimuth angle, and the third for the

-3radius angle.

Reaches were obtained in this manner for azimuth angles from 1200 to

the subject's right of vertical midline to 45 to the left of the subject's

midline in 150 increments.

Following data collection on the first protocol (restrained condition)

the subject was allowed 5 to 10 minutes of rest before the second protocol

(unrestrained condition).

After the rest period the subject was seated and restrained with a lap

helt only. The data collection procedures for the second protocol were identical

to the ones used for the first protocol. At the conclusion of the second

data collection protocol data points were stored by the computer on magnetic

tape for later analysis. The subject was given praticipation credit and

re I eased.

t
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Results and Discussion

The summary statistics (x and y coordinetes for 5th percentile, mean,

and 95th percentile) for reach envelopes (male and female; restrained and

unrestrained) are presented in table. 5, 6, 7, and 8 in appendix C. Graphic

[)lots of the reach envelopes for the 40-cm, 60-cm, and 90-cm altitudes are

presented in figures 7 through 18, also in appendix C. Each figure has

the 5th percentile, mean, and 95th percentile reaches plotted.

In general, the present reach envelope data appear to closely

•approximate the data reported in the literature (i.e., Kennedy, 1964).

For purposes of comparison, the data from the 50-cm altitude for restrained

males was chosen to be contrasted with Kennedy's 20-inch altitude daa

(5.e table 9 in appendix C).,

The 50-cm altitude data collected at Texas Tech is within 5 inches

In many v:i.es when compared to the 20-inch altitude aata from Kennedy (964).

This difference is primarily due to the type of reach used in the Tech

study which was a grip center reach rather than grasp reach (thumb and

fingers pinched together) used by Kennedy. Another variable which could

have contributed to these differences are the populations used in these

studies.
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APPENDIX A

FLOWCHARTS AND LISTINGS OF SOFTWARE
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REACH/ANTHROPOMETRY
START DATA COLLECTION PGM.

Fl.GA CHART

TYPE OUT
HEADER &

INSTRUCTIONS

INITIALIZE
BUFFER

POINTERS &
COUNTERS

ACCEPT FILE
NAME FROM
TERMINAL;
OPEN DATA

AMPL N
REQUESTED

YES

I NA-
OG VALUES
FROM AZIM
LE RADIOSI AFLS

STORE
IGITIZED DATA

IN DATA
BUFFERS

ENT PREMATURI
DATA REQUESTS

A NO
OINJ TA

TRANSFER DATA
BUFFERS '0 MAG.
APE FILE AND
CLOSE DATA

END
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START REACH/ANTHROPOMETRY
DATA RETRIEVAL AND

U TCODING PROGRAM.SETUP ITERA- FLOWCHART.
TION COUNTERSF
& RETREIVAL
INFORMATION

STYPE HEADER

3AND INSTRUC-
| TIONS ON

M
Is TRANSFER

NS YS VALUE TO
EENGYRRETREIVAL[ LOCATION CONVERT ARA

COORDINATES

TO SRP
NCOORDINATES

SINITIALIZE I

DATA BUFFERS PINT NU
P AD POINT NUMBERAND X, Y, Z

POINTERS COORDINATES

ACCEPT FILE-1_

NAME FROM
TERMINAL LL

READ FILE TO21PN

CORE BUFFERS OI D

RETRIEEDATAYESIFOR NTH POINT

FLCONVERT TO RI NP RINT

N T f S IN r'END'
MESSAGE
I END'EXAMINE

RADIUS VALUE;,
CORRECT FOR END

POTENTIOMETER, N
NONLINEARITY,

EXAMINE
AZIMUTH VALUE!
CORRECT FOR|
NONLINEARITY

!EXAMINE

ELEVATIONR-
NNIEARITY

I
CONVERT ARA
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APPENDIX B

PROCEDURE FOR DETERMINATION OF HEIGHT-WEIGHT

STRATIFIED SAMPLING PLANS

1D
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APPI N1)[X B

PROCKIfURE FOR DETERMTNATIOP OF HEIGHT-WEIGHT

STRATIFIED SAMPLING PLANS

Before data collection was initiated, it was noted that height-weight

saimpling plans would be needed. A search for suitable male and female plans

was InlLiated, but none was found in the on-hand literature. When the

runnlng of subjects had proceeded to about 15 percent, it was decided to

deve-lop a sampling plan.

Hale height-weight correlations were found for the most recent tri-

ervic'W data tia%( found to lie between 0.45 and 0.55. The Clauser et al.,

(1972) study of Air Force women was found to have a correlation of 0.53;

hence, a target correlation of 0.50 was selected. The approach used was

to divide the ranges of both height and wieght into five equal proportions:

(1) 0-20th percentile; (2) 20th-40th percentile; (3) 40th-60th percentile;

(4) 60th-80th percentile; and (5) 80th-100th percentile. This resulted in

a f Iv(-row by five-column (25-cell) array that would have contained exactly

one entry per cell if the correlation had been zero. Appropriate numbers

per cell for r - 0.50 were then determined using 400 to 1000 sample runs of

a Mo te Carlo procedure described by Bittner (1974: 1975). The result is

,41,iwi 1i t :bles I and 2 where cells were rounded to half subjects. This

was done to allow the experimenters some flexibility in assigning cells.

Applied to male and female populations, this resulted in the plans given

In tables 1 and 2. Here it should be noted that extreme cut offs were not

set fit the (impossible) Oth-and 100th-percentile values, but rather were
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set at the 0.5th and 99.5th percentiles as determined from Gifford et al.,

(1965) for males and Clauser et al., (1972) fci females.

The effectiveness of these plans can be seen by comparing the results

of this study with those given in Gifford et al., and Clauser et al.

Compared with other studies our errors in both means and standard deviations

appear to be (if equal or smaller magnitude. Thus the effectiveness of the

plan appears to be good and could be recommended for other similar studies.
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SUMMARY STATISTICS
J AND

GRAPHIC PLOTS OF~ REACH ENVELOPES
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Table 5. Sunmary Statistics for Restrained Males (cm)

AZIMUTH ANGLE 120. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TrH Y

0. 24.80 ees 24.80 24.80 45.04 0.0 45.0k 45.04

10. 28.73 2.31 24.93 32.54 51.51 3.26 46.14 5b.67

26. 33.38 2.15 29.84 36.91 59.74 2.46 55.70 63.76

30. 36.05 1.81 33,87 39.03 64.55 2.22 60.90 6b.19

40. 38-8 1.69 35-31 49.85 67.63 2.23 63.97 71.39

50# 38.85 1.62 36.19 41.51 68-72 2,57 64.49 72.94

60. 39.25 1.71 36.43 42.07 69.27 3.02 64.29 74.24

70. 38.P7 1.77 35.36 41.17 68.06 3.25 62.72 73.41

80. 36.89 2.63 33.45 40.14 66.25 3.68 60.20 72.3!

99. 34.49 2.40 30.54 38.45 62.40 3.97 55.87 6b.92

190. 39.91 3.23 25.69 36.23 'J5.97 5.11 47.56 64.37

110o 25.69 3.82 19.41 31.97 46.36 6.96 35.99 57.72

129. 18.27 4.27 11.24 25.39 34.61 8.13 21*24 47.98

130. 15.82 90 15.82 15o82 31.21 B.i2 31.21 31.21

1.40. 0-1 .0 9.99 9.es 900 .99 0.00 6.90 0.09
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Table 5. Continued

AZIMUT ANGLE 165. DEGREES

ALT. MEAN X S.D* X 5TH X 957H X MEAN Y S.D. Y 5TH Y 95Te Y

6. 12.38 1.72 9.56 15921 49.88 4.47 42.52 57.23

36. 13.94 1.26 11.87 16.61 59,40 3.83 52.69 65.30

20* 16.25 1.16 14.44 18.67 68.67 3.65 63.05 73.09

36. 17.67 1.62 16o66 19.34 73.33 2.87 68.66 78.6*6

46. 18.80 1.89 16.99 26.60 76.74 2.63 72.42 81.67

56. 18.95 3.61 17.29 206 78.21 2.61 73.91 82.51

66. 18.86 3.67 17.10 20.62 78.93 3.64 73.93 83.92

76- 18.26 1029 16.14 26.38 76.99 3.61 72.63 81.95

89. 17.54 1.65 14.82 28026 74.47 3.24 69.15 79-79

96. 16.34 1.59 13.72 18095 7801 3.67 63.97 76.64

166. 14.49 1.78 11.55 17.42 63.52 4.57 55.99 71.64

118, 11.81 2.36 7.93 15669 52.87 7.19 41o.3 64.76

126. 9.0 2.26 5e35 1262 46.25 642 26.43 54.13

130. 6.17 2.23 2050 9.84 35924 3.18 30.91 49.47

149. S, 6.@ *of go0e 6o 000o 066 6.00
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Table 5. Continued

AZI.MTH ANGLE 9. DEGREES

ALT, MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TA Y

09 0.98 6.71 -0.19 2.15 50.81 4.21 43.89 57.73

1. 3.24 8.61 .25 2.24 60.22 .3.96 53.71 66.74

20. 1.39 0.76 e.15 2.64 69.86 3.24 64.52 75.19

30. 1.59 8.71 *.41 2.76 75.50 3.01 70.54 8. 46

40. 1.62 6.64 056 2.68 79.13 2.85 74.44 53..3

So 1 .78 8.74 0.56 2.99 80.63 3.05 75..6 85.65

60o 1.97 0.64 0.92 3.03 80.99 3.47 75 .216 66.69

79. 20-0 0.58 1.05 2.95 79-24 3.81 72.96 65.49

8. 2.61 0.74 0.80 3.23 76.22 3.92 69.77 82.67

90. 1.94 0*74 0.72 3.15 71,81 3.88 65.43 78.20

1S. 2.08 0.84 0.70 3.A6 65.62 4.86 57.02 73,02

110. 2-.22 1.02 8.54 3.90 53.99 7.60 42.47 65.51

120. 2.64 0.81 1,32 3.97 49.68 8.73 26.32 55.43

4 130. 3.52 0.00 3052 3.52 36970 0.00 36.70 36.70

140. 0.00 0 . ,00 .0s 0 0.0

D- 32

:1



Table 5. Continued

AZIMUTH ANGLE 75. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

so 14.21 1.11 12.38 16.64 49.22 3.82 42.93 55.52

10. 16.73 1.25 14.68 18.78 57.07 4.66 56.39 63.75

20. 19.29 1.69 17.50 21.68 66.70 3.19 61.44 71.95

32. 20.80 6.92 19.29 22.31 72.25 3,80 67.31 77.19

40. 21.82 6.97 26.23 23.41 75.66 2.79 71.21 86.I

50. 22.19 0.89 29.73 23.66 76.99 2.69 72.57 81,42

60. 22.27 1.6 26.63 23.91 77.37 2.94 72-53 82.21

70, 21.91 6.95 26.34 23.48 75.86 3.15 70.68 81365

86, 21.28 0.91 19,77 22.78 73.18 3.33 67.71 78.65

96. 26.15 6.96 18.57 21.74 68.84 3.64 62.86 74.83

100. 18.39 1.39 16.10 26.67 62.16 4*18 55.23 68.97

i11. 16.01 1.87 12.93 19.16 5026 6.68 36,93 61.58

120. 13.24 1.86 16.18 16.36 38.59 7.17 26.79 56.46

136. 11,12 6,6 *1.12 11.12 31.96 806 31.96 31.96

S140. 0.00 6.66 &.66 6.66 Os.o 6,60 B.s 6o
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Table 5. Continued

AZIMITH ANGLE 6V- DEGFE-S

ALT. MEAN X S.D. X 5TH X 95VH X MEAN Y S.D. Y 5TH Y 957h Y

,* 26.06 0.81 24.75 27.42 43.15 1.14 41.26 45oe2

10. 30.79 1.80 27.83 33.74 49.34 3.36 43.78 54.916

20. 35.72 1.66 32.98 38.45 57.65 3.15 52.47 62.t3

30. 38.55 1.57 35.96 41.13 62.75 2.67 5b.35 67.15

40. 40.37 1.50 37.91 42.83 65.70 2.61 61.4R 69-99

59-, 41.19 1.40 38.90 43.49 66.96 2.60 62.6b 71.24

60. 41.44 1.38 39.17 43.71 67.39 2.61 63.10 71.69

760 4F.65 1.52 38.16 43.14 66.05 2.64 61.71 70.38

80. 39.24 1.80 36.28 42.21 63.52 2.55 5b.83 68.21

9p. 36.94 2.11 33.46 40.41 59,15 3.35 53.63 64.66

10. 33.40 2o76 28.86 37o95 52.29 4 -9 45.23 59.36

it@. 27.49 3.77 21.29 33.713 41.64 6.68 30o.65 52.63

120. 22.10 3.89 15.71 28.50 33.69 6.40 23.17 44.22

130. 19.23 0000 19.23 19.23 27.91 0000 27.90 27.90

140. 0.00 0.00 Boos 0090 0.00 0.00 0.00 O040
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Table 5. Continued

VAZIMUTH ANGLE 45. DEGREES

ALs'. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

g. 36.63 1.62 27.97 33.36 32.49 0.95 36.92 34.06

I6. 39.25 2.70 34.6 43.69 38.35 3.22 33.05 43.64

26. 46.19 2.88 41.46 59.92 44.98 3.17 39.77 50.20

30. 50.53 2.63 46.19 54.86 49.26 2.58 45.62 53.51

46. 53.66 2.44 48.98 57.62 51.77 2.46 47.82 55.73

56. 54.62 2.36 51.14 57o99 52.88 2.28 49.13 56.63

66. 54.14 2.26 56.43 57.85 53.33 2.32 49.21 56.86

70. 53.64 2o27 49.31 56.77 51.74 2.48 47.66 55.83

86. 51.23 2o45 47o26 55.27 49.57 2.75 45.04 54.11

96. 48.23 2.86 43.53 52.93 46.15 3.19 46.89 51.46

logo 43.29 3o39 37.71 48.87 41.26 3.66 35.33 47.19

116. 35.27 4.43 27.98 42.56 33.62 4.64 25.38 40.65

126. 26.93 6.36 16&47 37.46 25.52 5.5l16lb45 34e59

4136. 24.35 06.66 24.35 24.35 22.65 e*g. 22.95 22.65
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Table 5. Continued

AZIMUTh ANGLE 3P'. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95Thi Y

e. 0.00 k0 0.0e 0 .e0 g.I 0 . (a O. i e . c

10. 44.67 3.19 39,43 49.92 26.52 2.55 22.34 30.71

2L7. 52.13 3.13 46.98 57.26 31.05 2.46 27.60 35.10

30. 56.75 2.67 52.36 61.13 33.53 2.05 30.16 36.90

40. 59.66 2.70 55.22 64.11 34.89 1.97 31.65 38.12

5. 60.97 2.67 56.58 65.36 35.54 1.73 32.69 38.39

60. 61.32 2.69 56.59 65.76 35.80 1.k4 32.77 38.83

70. 6.3.22 2.87 55.49 64.94 35.11 2.10 31.66 36.55

80. 58.08 3.00 53.15 63.01 33.67 2.21 30.03 37.31

90. 54.38 3.46 48.68 60.07 31.09 2.51 26.97 35.21

100. 48.24 4.30 41.18 55.31 27.51 3.15 22.33 32.o

110. 38.34 5.76 28.87 47.82 21.87 3.91 15.44 2B.30

120. 33.18 6.30 22.83 43.54 19.47 2.71 15.02 23.93

139. 29.53 0.00 29.53 29.53 16.96 0.00 16.06 16.06

140. 0.0 0.00 0.00 E.00 0.09 0.0 fa .00 0.00
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Table 5. Continued

AZIMUTH ANGLE :5* DEGREES

ALT. MEAN X S#D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 9iTH Y

26. 53.25 3.52 47.46 59.04 15.62 1.97 11.78 18.27

30. 57.99 3.604 52o98 63.60 16.22 1.95 13.01 19.43

40. 61o67 3.49 55.33 66.86 17.14 1.49 1/4.69 19.60

56. 62.15 3.24 56.82 67.49 17.35 1.25 15.29 19.41

66. 62.76 3.19 57.56 65.61 17.46 1.34 15.26 19.66

J76. 61.77 3.33 56.36 67.24 17.16 1.61 14.46 19.75

86. 59.76 3.47 53.99 65.41 16.49 1.81 43o52 19.46

96. 55.86 3.87 49.48 62.23 15.15 2e82 11.83 18.47

le1ss 45.68 5.96 38.88 58.48 13.16 2.12 9.68 16.65

1116. 39.54 5.91 29.5S3 49.26 16.41 1.99 7.14 13.68

1200 32.50 13.65 16.64 54.96 7.82 4.32 0.71 14.93

136. 6.66 6.60 6.660 0060 6.660 6.66 000e 1.66

146. 6.66 6.66 6.66 6.66 0.66 @.go 6.96 96.60
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.1 Table 5. Conti nuei

AiItIITI ANGLE 0. DEGPEES

ALT. NE~i, X S.D. N 5TH X 951h X MEAN Y S.D. Y 51i Y 9b-ai. Y

to. 43.87 4.61 36.29 51.45 1.09 0.26 P.641 1.55

20. 51.75 3.84 45.44 58.06 1.08 k.32 0.57 1.58

30- 56.37 3.37 50-82 61,92 0.95 6.28 16.48 1.42

40o 58.94 3,42 53.32 64.57 0.96 e.29 0.49 1.43

50* 59.69 3.50 53.93 65.46 @.96 e.26 0.53 1.38

60. 59.59 3.92 53.14 66.04 1.0 6 0.32 0.48 1.52

70o 58.15 4.40 50.92 65.38 0.99 0.35 0.41 1.56

Be. 55.59 4.87 47.58 63.60 1.07 0.39 0.43 1.71

90. 51.54 5o19 43.00 60.0* 1ol1 0.35 0.54 1.68

100. 44.85 6.88 33.53 56.18 1.09 0.40 0.44 1.74

110. 34o49 7e24 22.58 46.40 1.36 9.61 0.3. 2-37

' 120. 16.40 12.12 -3.54 36.34 1.38 0.,39 0.s73 2.03

130- 20-.26 0.00 20.26 20.26 1.31 0.00 1.31 1.31

140. 0.00 0.00 0.00 @08 0.00 0.00 2-.00 13- F f
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Table 5. Continued

AZIMUTH ANGLE -15o DEGREES

4ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95Tti Y

9. 0.00 g.es 6.900 0.09 &.OF, of&B g.e0 0.00

Is- 0.00 0.00 9.00 0.00 0.00 000 0.00 0.00V20. 44.93 3.86 38.59 51.28 11.87 3.21 6959 17.15

30. 47.93 3.39 42.35 53.50 12.24 1.77 9.33 15.15

40. 48.36 5.31 39.62 57909 12.77 296 9.38 16.16

50o 49.61 6.10 39.58 59.65 13.94 2.25 9.33 16.75

60. 49*982 6.92 38.44 61.21 12.97 2.53 go81 17.13

70o 48.42 8.99 35.11 61.73 12.41 2.64 8.98 16.75

8e. 46.66 7.97 33.54 59.77 11.58 2.46 7o53 15.62

199. 43.47 8.22 29.95 56.99 16.58 2.34 6.72 14.43

199. 38.66 7.97 27.93 59.39 9!23 2.36 5.35 13.12

119. 29o67 6.57 18.38 4997 6.88 2.43 2*db 10-86

129o 29.45 6.23 19.21 39.69 7.29 1.44 4 . 93 9.65

130o 9.99 9.900 9.99 9.99 9.99 9.99 9.90 9.00

149. 9.99 g.99 s.99 s.es se99 9660 9.00 0.b0
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Table 5. "ontinued

AZIMUTH ANGLE -30* DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5T Y 957d Y

9. 0.00 0.00 0.00 0.OC 0.0o .C OE V00 00

10 000 .90 0,0 .00 9600 e.e .ou ,*08 F,*

20 37.54 0. 3737.54 37.54 23.27 0.00 23*27 23.27

30. 36.55 4.51 29.12 43*97 20*05 3.18 14.82 25.28

40. 36.98 5.93 27.23 46.73 20.62 4.12 13.o4 27.4k

50o 37.49 6.88 26.18 /8.80 21.24 4.41 13.99 28.50

60. 37.27 7 75 24*53 502 21.35 4.78 13.49 29.20

70. 35.89 7.66 23.29 48.50 20.29 4.85 12.31 28.26

8. 34.37 7.79 21.56 47.19 18,75 5.20 10.20 27.30

90. 31.83 7.71 19.14 44.52 16.56 5.56 7.42 25.70

100. 2804 6.88 16.73 39.36 14.26 5.01 6.01 22.50

110. 22.39 6.29 1204 32.74 11.50 4.01 4.89 18.10

120. 17.40 9.23 2.21 32.59 8.16 4.61 0*58 15.75

130. 9.00 0*00 9.90 00 9 .90 0.8.! 9.00 0.

140. 000 0.00 999 0 .00 .0 0. 0.00 0.00
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Table 5. Concluded

AZIMUTH ANGLE -45. DEGREES

ALT. MEAN X SD, X 5TH X 95rA X MEAN Y S.D. Y 5TH Y 95TH Y

0. sees 09 0.0 09198 D.9s 60.09 0.00 b.08

10. 0.09 6.90 0690 *0.0 0.00 I 09 0..0 0 9.00

20. 24.61 1.77 21.70 27.52 24.07 2.18 20.48 27.66

30. 25.39 4.18 18.52 32.25 23924 3.79 17.15 29.34

40. 25.79 4-'7 19.01 32.39 23.74 4.24 16.77 39.71

59. 25-34 5.81 15.78 34,91 23.46 6.08 13.58 33.33

60. 24.68 6.39 14.16 35.20 22.75 6.58 11.94 33.57

70. 24.44 6.25 14.15 34.72 22.22 6.47 11.57 32.86

89. 23.56 5.76 14.98 33.04 20.55 6.51 9.84 31.25

99. 21.93 5.56 12.79 31.7 17.93 6.87 6.62 29.24

III'. 19.26 6.27. 8.94 29.58 15.16 6.51 4.45 25.87

110. 16.02 5.19 7.63 24.41 13.91 4.82 5.98 21.94

129. 10.53 3.67 4.49 16e58 9,17 4.13 2.38 15.97

13 . 4e44 9.060 4.44 4.44 2.35 9.06 2.35 2.35

140. 9.0 13609 fe.l? S.09 0e09 9.09 0.00 0.00

D-41I

44.



Table 6. Sumary Statistics for Unrestrained Males (cm)

AZIUTH ANGLE 12C, DEGREES

ALT. MEAN X S.D. X 5TH X 95"H X MEAN Y S.D. Y 5TH Y 95TA Y

P. 25.42 138 23.16 27.69 45.11 4.26 3b.09 52.12

10. 29.11 2.93 24.2b 33.93 52.21 4.34 45.97 59.36

20. 33.49 2.83 28.83 38.14 59.17 3.79 5P.93 65.41

3. 35.95 2.73 31945 40.44 63.42 3.56 57.57 69.28

40. 37.65 2.77 33.09 42.21 66.49 3.30 61.87 71.91

5e. 38,27 2.56 34906 42.47 67.59 3.17 62.38 72.'19

68. 3H.62 2.50 34.50 42.73 68.15 3.30 62.73 73.57

70. 37.89 2.67 33.50 42.27 66.82 3.58 60.93 72.72

80. 36.90 2.93 3209 41.72 64.95 4.06 56.27 71.63

90. 34.84 3.05 29.83 39.85 61.38 4.51 53.95 68.88

He0. 31.80 3.44 26.15 37.45 56.46 4.96 48.31 64.62

110. 27.54 4.22 20*60 34.49 48.90 6.22 38.67 59.13

120-. 21.56 5.07 13,21 29.91 38.24 7.59 25.75 58.73

13e. 15.33 3.66 9.31 21.36 27.64 6.71 16.61 38.68

140. 0.00 0.00 0.00 0. 00 000 00 . 0 800 16.100
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Tabl 6. Continued

AZI14UTH ANGLE 105. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y SD* Y 5Td Y 95Td Y

0. 11.47 3.41 6.52 16.41 50.31 3.24 44.97 55.64

10. 13.96 2.71 9.45 18.36 59.14 5.el 59.90 67.37

26- 16915 1.76 13.27 19.04 67.48 4.53 59.94 74,5

30. 16.79 3.79 16.56 23.93 72.14 4.46 64.81 79o47

40. 18.20 1.83 15.18 21.21 75.56 4.56 68.35 83.06

56. 18.43 1.90 15.31 21.55 76.54 4.64 68.92 84.17

60. 38.56 2.61 15.26 21.57 76.93 4.61 69.34 84.51

70. 18.13 1.81 15.15 21.1 75.52 4.88 67.56 83.54

50. 17.45 1.67 14.76 20.19 73.31 4.88 65.28 81.33

96. 16.47 1.79 13.52 19.42 69.41 5951 60*34 78.48

100. 14.95 1.92 11.78 18.11 63.66 5.98 53.82 73.49

lie. 12.58 2.34 8.73 16.42 55.16 7.52 42.73 67.47

126. 9.39 3.12 4.27 14.52 41.75 9.24 26.55 56.96

130. 6.14 1.94 2.95 9.34 32.17 6.75 21.06 43.27

140o 0.6e Bos. B.0 0.60 B.6e oe s.60 0.0
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Table 6. Continued

A71.1.Ilif A~NGLE. 9% DEGREES

4iL. OEMAt X S.DF. X 5711 X 95THI X IL~AN YV * Y 57~H Y 9D'It Y

e* 2,34 1.12 P.50 4.Ib 53.1P 2.Ov 46-S34j 57. 7

1, c. 1.76 0.84 E0.38 3.15 63.53 7.76 310*72 76.33

204 1.80 0.72 0.*61 2.99 71.50 7.16 59.72 b3. 26

3H. 1.83 0.69 0.70 2.95 76.36 6.98 64.88 6~7.65

4e. 1.85 0.75 0.62 3.e9 79.82 7.026 68 *2ki 91.43

50. 1.98 0.61 0.*97 2.98 80.46 6.82 69.25 91.bbs

60. 2.08 0.68 0.96 3.21 80.70 6.84 69.44 91.96

70. 2.32 0.68 (4.99 3.24 79e16 6.92 67.77 9k,.54

80. 2905 1071 6.88 3.22 76.80, 6.99 65.29 b6-31

9r.. 2.06 0.73 0.85 3.26 72.73 7.3rb 60*72 64.75

1000 2.18 0.62 1.16 3.2e 66.36 7.61 53.84 ?8.89

110. 2.40 0.88 0.95 3.84 56.71 8.51 42.72 7U.71

120- 2.44 1.02 0. 76 4.12 43.29 9 .88 27.C4 59.#54

130. 2.30 1.52 -0.20 4.8e 32.70 8.04 19.47 45.93

140. 3.99 0090 3.99 3.99 23.97 0.60 21.97 21.97
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Table 6. Continued

AZIMUTH ANGLE 75. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95Tn Y

0. 15.27 1079 12.32 18.22 52.74 5.28 44.05 61.42

10. 17.68 2.05 14.39 21.06 61.35 7.93 48 31 74.39

20. 19.84 1.91 16.78 22.98 69.50 7.15 57.74 81.27

30. 21.37 1.66 18.65 24*10 74.64 6.74 62.95 85.12

40. 22.41 1.69 19c63 25.19 77.11 7.02 65.56 88.65

5. 22.66 1,64 19.95 25.36 78.89 6.75 66.89 89.11

69. 22.72 1.72 19.88 25.56 78.45 6.77 67.32 89.59i.. .. . - ..

7p. 22.47 1.69 19.68 25.26 77.10 6.84 65.84 88.35

80. 21.96 1.77 19.95 24.87 74.79 6.89 63.51 85,90

90 29089 2.17 17.48 24039 78050 7.97 58.88 82.12

1S0. 19.29 2.15 15.76 22.83 64.15 7.38 52.00 76.29

110. 16.92 2.33 13.69 20.75 55.81 8.49 41.95 68.97I . . ., ...

120. 14.27 2.64 9.92 18o62 43.23 9.53 27.56 5891

139. 12.12 2.64 7.77 16.47 33.93 8.43 20.06 47.80°°49 .0°96 . ....

14,0 8.99 9.99 0.00 0.00 80
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Table 6. Continued

AZIMUTH ANGLE 60. DEGREES

AL., MEPN X S.D. X 5TH X 95TH X 1-3EAN Y S.D. Y 5TH Y 957ji Y

P'. 29.76 5.47 20.77 36.76 49.10r 1iw.1 31.32 66.87

1S 33.93 4,11 27.16 40.70 55.81 7.98 42.68 68.93

20. 38.13 3.71 32.64 44.23 62.84 7.11 51i'1 7454

30. 40*55 3.47 34.85 46.25 66.53 6.73 55.46 77.6r

40. 42.35 3.48 36.62 48.08 69.07 6.77 57.94 beo2E

5. 43.01 3.36 37.49 48.53 69.83 6.39 59.32 B.34

6e. 43.24 3.43 37.6e 48.88 69.97 6,29 59.63 60.32

70. 42.52 3.50 36.76 48.29 68.57 6.25 58.30 7b.84

8. 41.13 3.37 35.59 46.66 66.07 5.99 56.23 75.92

90. 39.12 3.33 33.64 44.59 62.19 6.06 52.22 72.16

le. 36.35 3.56 39.49 42.21 56.52 6.37 46-05 66.99

It@- 31.59 4.25 24.60 38.56 48.25 7.57 35.79 60. 71

12.- 25.18 4.57 17.67 32.7e 36.92 8.49 22.97 5e.88

130. 18.68 2.96 13.82 23.54 2B.13 5.96 18..3 37.96

140. 12.69 0.99 12.69 12,69 21.72 9.00 21.72 21.72
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Table 6. Continued

AZIMUTH ANGLE 45. DEGRFES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN T S.D. Y 5TH Y 95THY

0. 41.98 6.47 30.35 51.65 39.42 3.48 33.70 4514

10. 47.07 7.52 34.7 59.44 46.03 6.0 3590 57.06

20. 52.96 6.78 41.88 64.12 51.91 6.25 41.63 62.20

30- 56.25 6.38 45.76 66-74 55.61 6.26 44.72 65.30

40. 58.72 6.19 4Ce53 68.91 5'1.*'2 6.32 46.62 67.42

50 59.60 5.87 4.95 69.26 57.43 6.01 47.55 67.31

60* 60.99 5.65 58.79 69.40 57.41 5.95 47.62 67.21

79. 59.63 5.78 49.66 68.41 56.13 5.68 46.78 65.48

80. 57.22 5.48 48.21 66.22 54.27 5.44 45.33 63.21

90. 54.57 5.54 45.46 63.69 51.11 5.48 42909 69.13

166. 50.59 5.79 41.67 69.12 46.59 5.33 37.82 55.37

116. 44.10 6.36 33.73 54.47 39.89 5.71 30.42 49.19

129. 35.24 6.51 24.53 45.94 36.85 6.27 29.53 41.17

130. 2866 6.29 18.32 39.69 25.56 5.64 16.29 34.84

146. 6.66 s.69 Go6 0.0 f.9s 0.8 6.0 0.0
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Table 6. Continued

AZI'137t ANGLE 3-' DEGR~EES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5",6 Y 95TH Y

[0 41.64 3.85 42*3e 54.98 29*07 4.62 21.46 36.67

10. 54.89 16.08 38.32 71.47 32.60 7.23 2Q.7£ 44.49

26. 62.19 8.71 47.87 76.51 36.82 6.62 25.94 47.71

36. 66.36 8.50 52.38 8e.33 38.91 6.63 28 .li 496 1

4e. 70.12 9.06 55.22 85.02 40.49 6.37 30.02 5e.96

50. 71.37 8,82 56.86 85.87 40.87 6.24 30.6b 51.15

610o 71,99 8,68 5700l 86e28 40,93 6, P& 300,3 51,13

70, 71,46 8.56 57*38 85-53 40034 6*13 30o26 5k.42

80. 69.89 8.14 56.49 a3,28 39.17 6.12 29.11 49.23

90. 67.10 8.05 53.86 80.33 37.32 6.16 27.18 47 .46

100. 61,71 7.88 48.75 74.67 34.15 6.00 24.27 44.03

110. 53.81 8.94 39.11 68.52 29.28 6.01 19.39 39.17

120. 42.05 9e94 25.69 58.46 22.29 6.29 11.95 32,64

132. 33.65 8.58 19o54 47.76 18.32 4.50 10,92 25.73

140. 27.58 0.00 27.58 27.58 13,88 0.66 13.80 13,80
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Table 6. Continued

AZIMUTH ANGLE 15. DEGREES

ALT. MEAN X 5,D. X 5TH X 95TH X MEAN Y S.De Y 5TH Y 95TX Y

0. 56.49 5.13 48085 64.93 13.61 6.25 3*34 2398B

10 60.08 9.76 44.03 76.14 16.52 4.37 9.34 23.71

20. 67.34 7.98 54.21 80.48 18437 4.71 10.62 26.13J.. . .. .. . . ..-.

30. 70.97 7.92 57.95 83.99 19.20 4.64 11.57 26.84

40. 73.56 8.72 59.21 87091 19.34 4.65 11.69 26.99

50& 74.82 8.70 66051 89.12 19.41 4,68 11.71 27o10

60, 75.50 8.88 61.26 90.46 19054 4.69 11.83 27.25

70. 75.55 8.96 60*82 99029 19.22 4*69 11051 26.94

80 74.22 8.83 59o69 88075 1864 4.76 10981 26.46

90. 71.31 8.92 56,64 85.98 17.52 4.68 9.82 25.21

100. 65.84 8o71 51.52 88.16 15.72 4.36 8.55 22.89

1100 57.01 9.53 41.34 72.68 13.18 3.88 6.79 19.56

120. 46.84 7.77 34.05 59.62 10.65 3.30 5.21 16.08

139. 35.32 9&49 19.71 50.92 8099 4.08 2-28 15.69

146. 9.00 6.0 6.0 0.600 6.610 960 6.00 900
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Table 6. Continuea

A -IMU?,I ANGLE i. DEGR.EESh ALT. MEAN X S.D. X 5Th X 95TH X NEAN Y S.D. Y 5TH Y 95Tri Y

C. 56.68 6.77 45.55 67*89 1.05 0.44 L.34 1.77

IC. 57.84 12.75 36.86 78.83 0.97 u.23 C,59 1.35

20. 66.84 10.48 49.61 84.07 1.80 4.24 -5.18 8.76

30. 70.26 9.27 55.00 85.51 1.68 4.21 -5.24 8.60

40. 72.83 8.76 58.41 87.25 1.69 4.14 -5.11 bo57

50. 73.66 8.09 60.34 86.97 1.65 4.22 -4.96 b027

60. 73.98 7.82 61.11 86.84 1.59 3.86 -4.76 7.94

70. 73.40 7o51 61.05 85.75 1.53 3.68 -4.53 7.59

s80 72.31 7o19 60#49 84.13 1.46 3.48 -4.26 7.16

90. 69.42 7.01 57.88 80.96 1.46 3.25 -3.88 6.8O

100. 64.12 703 52.55 75.66 1.51 2.95 -3.34 6.36

11. 55.66 8.61 41.50 69.83 l.61 2.62 -2.70 5.93

120- 38.88 13.30 17.01 60.75 1,6i 1.85 -1.43 4.66

130. 24.38 11.37 5.68 43.09 1.39 0.43 O.68 2.10

14g0 7.96 10000 7.96 7-96 2,12 0000 2.12 2.12
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Tabkv 6. Continued

AZI1MUTH ANGLE -15. I)EGRELS

ALT. MEAN X S.D X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

9. 0.66 0.00 .00 0.0 0600 s.me 0.60 o ,e

10. 4856 6.64 48.49 48.63 13.58 1.11 11.75 15.41

20. 56041 8.30 46.76 74.66 14.90 3.83 8.60 21.29

30. 6,'.99 7.39 50.83 75.16 16-26 3.06 11.23 21.29

40. 65.70 7.31 53.67 77.73 17-24 2.69 12.82 21.67

50 67.17 7.19 55.34 19.00 17 ,FO 2.96 12.63 22o38

66. 68.31 7.40 56.15 86.48 17.51 3.38 11-96 23.07

76o 68.35 7e47 56.67 80.63 1714 3.80 10.89 23.40

8o 67.26 7.54 54.86 79.66 1f40 4.37 9.21 23.59

-4 90. 64.92 7.45 52.66 77.17 15.51 4.11 8.74 22.27

166, 60.66 7.48 48.36 72.96 14.79 2.64 10.45 19.12

1100 52.17 8.86 37.59 66.74 13.48 3.38 7.92 19.03

120. 39.98 8.44 26.10 53.86 1005 2.82 5.41 14.69

130. 29.66 8.12 16.30 43.02 7-86 2.56 3.74 11.98

146. 0.00 0.00 0.00 .600 6.00 0.00 o. 0.00
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Table 6. Continued

AZIMUTH ANGLE -30. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

0. 660.e6 0 0.9 090 ! .0 r 9.960 B..C F 0 . .. Cd..

10* 61.09 .90 61.69 61.69 34.32 Bek 34.32 34.32

20. 56.91 5.95 41.13 66.70 26.12 5.61 16.89 35.35

30e 50.70 5.91 40.98 60.43 26.41 7.39 14.25 38.56

4e 53.05 5.64 43.77 62.33 27.05 9.84 Ic.86 43.23

50. 54.26 5.35 45.46 63.06 27.16 9.92 1.b84 43.48

60. 54.91 5.17 46.40 63.41 26.39 18.95 8.37 44.41

70* 55.90 5.09 46.62 63.38 26.18 1&043 9.02 43.33

86. 54.43 5e14 45.96 62.89 26.15 9.51 1050 41.80

96. 52.86 5.98 44.51 61.22 26.32 8.67 13e04 39.6)

100. 49.56 5.61 46.33 58.78 25.98 4.63 18.36 33.59

16. 43.67 6.97 32.21 55.13 23.44 5.06 13.97 32.91

10* 33.56 8.98 18.78 48.34 18.53 4.58 11.0 26.07

130e 32.27 4.60 24.69 39.84 17.90 3.21 11.71 22-28

140a 6.69 6.6 .00 ,e .oo.e 0.00 e

2



Table 6. Concluded

AZIMUTH ANGLE -45. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TK Y 95TH Y

10. .- 0 08.996 .99 9.90 0.90 9.90 8.0 0.0

29. 37.39 4.33 30.18 44.42 35.68 2.76 31.15 49.21

30. 37.71 3.89 31.32 44,11 32.54 8.65 18.31 46.77

40. 39.26 3.94 32.78 45.75 33.91 11.99 13.28 52.73

50. 39o94 3.52 34.15 45.72 31.85 13.50 9.67 54.88

69. 49.32 3.39 34.89 45.74 39.61 15.15 5.69 55.53
-..., . -, o.

70. 40.07 3.16 34.87 45.28 30.18 14.63 6-11 54.25

89. 39.68 3.26 34.33 45.04 39.37 13.88 7.68 53.97

99. 38.88 3.17 33.67 44.99 31.27 19.82 1348 49.96

199. 37.14 3.53 31o33 42.95 31.31 7.96 18.22 44.40

119. 32.97 5.25 24.33 41.69 28.62 5.46 19.63 37.60

120, 24.29 7.67 11.58 36.82 21,32 7.29 9.33 33.31

130. 24,19 7.24 12.19 3692 29.99 9.49 5.37 36.61

140- 17.81 9.99 17.81 17.81 16.29 9.9 16.20 16.20
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Table 7. Suimiary Statistics for Restrained Females (cm)

A LIM117H ANGLE 12C. DEGEELS

ALT. MEAN X S.D. X 5TH X 95TH X iEAN Y S.L. Y 51n Y 957A Y

V. 21.39 6.(C 11.52 31.25 4L.52 1,.24 23.3 57.37

IV. 24.95 2.25 21.25 ?.65 45.81 4.43 3b.5b 53.17

20. 29.64 2.32 25.82 33-46 53-63 3.42 46. .z 59.26

3. 32.39 2.31 28.60 36,1 5B.39 3.12 53.25 63.53

4C. 34.35 2.10 30.96 37.80 61.36 3.23 56.L4 66.66

5C, 34.70 2.36 30.83 38.58 62.35 3.23 57. 67.67

60. 34.74 2.58 30.49 38.99 62.73 3.24 57.39 6d.L6

70. 33,67 2.55 29.47 37.87 6C.77 3.48 55,C4 66.49

80. 31,80 2.59 27.55 36.06 57.55 3.61 51.62 63.49

9P. 28.33 .69 23.90 32.75 52.16 3.99 45.59 58.73

er. 22.54 3.24 17.21 27-86 43.36 4.82 35.43 51.3C

110. 14.87 4o26 7.86 21.87 31.79 4.74 24300 39.58

129. e-C 2.00 0.00 0.00 0-0 0-9p 00.0 0.00

130o 0.00 0.00 000 0.00 0.00 000 0.00 0.0

14f. 009 0.00 0.00 0.0 0 0. 0 0,E0 0.0 (.aok
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Table 7. Continued

AZIMUTH ANGLE 105. DEGREES

ALT@ MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

l. 9.19 go0 9.19 9.19 45.78 6.90 45.78 45.78

1s. 12.14 1.37 9.88 14.40 51.58 4.49 44.19 58.96

20. 14.46 1.36 12.16 16.64 60.68 3.73 54.55 66.81

30. 15.88 1.29 13.76 18.01 65.62 3.37 69.97 71.17

40. 16.51 1.32 14.35 18.68 69.15 3.45 63.48 74.81

50. 16.68 1.56 14.21 19.14 76.27 3.35 64.76 75.79

60. 16.76 1.53 14.25 19.27 76.31 3.51 64.54 76.68

70. 16.25 1.42 13.92 18.59 68.6*8 3.63 62.10 74.86

8. 15.36 1.66 12967 17.93 64.64 3.93 58o17 71.11

96. 13.62 1.86 16.56 16.68 58.99 4.37 51.81 66.17

10 16.81 2.31 7.81 14.61 49.78 5.76 46.31 59.24

110. 7.65 2.71 3.19 12.11 37.59 6.53 26.84 48.34

120. 0.66 6.66 6.66 6.66 6.60 Bo66 6.66 6.69

136. B.66 S.66 B.66 6.6 6.0o 6.6s 6.60 B.0e

140o 6.66 6.66 6.6 6.86 6.66 6.60 6.66 0.66
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Table 7. Continued

AZIMUTH ANGLE 9e. DEGREES

ALT* MEAN X S.D. X 5TH X 95"d X MEAN Y S.D. Y 5TH Y 95TH Y

so somie ie0 goes s.es BOBi 0000 0000 0.00

I0 1.39 1,72 0.21 2.57 52.75 4.19 4586 59.64

20, 1.55 1.88 010 2.99 62.44 3.71 56034 68.54

30. 1.56 6.65 6.49 2.63 68.14 3.o5 62.36 73.98

46. i77 1058 6.82 2.72 71.65 3.31 66,2O 77.09

50. 1.84 1.54 6.94 2.73 72.67 3.42 67,e 3 78.29

69. 174 9.79 6.43 3.95 72.73 3.54 66.91 78.56

76* 1.86 0.69 B67 2.93 79.44 3.74 64.30 76.59

56. 1.89 64 6.84 2.93 66.81 4.21 59.89 73.73

96. 1.97 6842 9.63 3.32 66.86 4.57 53.28 68,32

166. 2.23 6.92 6.72 373 51.12 6.28 49.78 61.45

116. 274 6.83 1.37 4.11 39.89 5.89 36,20 49o57

126. 1.33 0.69 133 1&33 25.99 6.00 25.90 25.90

13e, los9 0.i0 *,69 9.60 0.69 6.96 6.96 6 .6

146. 9.60 6.66 6.66 0.61 6.96 goe0 0.90 also
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Table 7. Continued

AZI 1IUTH ANGLE 75. DEGREES

ALT* MEAN X S.Do X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

0. 12.37 0.90 12o37 12.37 45.61 eg.e 45-61 45.61

10. 14.74 1.19 12.79 16.69 58.95 4.24 43eed 57.82

20. 17.16 1.14 15.29 19.93 59.43 3.67 53-39 65.4"

3e0 18.66 1.17 16.74 28.59 64.82 j.23 59.51 70.13

49. 19.96 2.03 16.63 23.30 67.31 4.36 60.14 74.48

50. 20.24 2.94 17.5 23.43 66.53 4-11 61.77 75.29

60. 29.04 1.40 17.73 22.34 60.21 3.26 63.85 74.57

70o 19.32 1.33 17.23 21.52 67.18 3.46 61.48 72.87

80. 18.42 1.50 15.96 20.88 63.47 3.93 57.01 69.94

99. 17.95 1.71 14.23 19.86 57.39 4.63 49.78 65.91

16. 14.72 1.96 11.49 17.93 47.77 6,21 37.55 57.98

110: 11:95 1:95 8.75 15:16 37:36 556 28:21 46,51

120. 8053 0090 8.53 81,53 23o99 Soso 23999 23,99

130. 0.09 goes 0.00 040 . 090 8.90 600 240a

149. 009 000 0.00 D.00 3.90 9.s800 0*09 0.99
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Table 7. Continued

AZIMUTH ANGLE 60. DEGREES

ALT. MEAN X SoD, X 5TH X 95TH X MEAN Y SoD. Y 5TH Y 95TH Y

0 0.00 6.06 0e9 e.0s 0.06 Case S.s 0.00

10s0 26.42 2.67 22.83 30.80 44.14 3.97 37.61 50.67

26. 31.44 2.38 27.54 35-35 51.64 3.22 46.34 56.94

3 . 34.43 2.11 30.95 37.90 5600B 3,02 51.61 61.54

40. 36.22 2.68 32.50 39.64 59o44 2.76 54.91 63.98

56. 36.93 2,02 33.61 40.25 69.45 2.72 5S.98 64.92

60. 36.91 1.98 33.64 40.17 60.48 2.83 55.83 65.13

86; 36.08 2.27 32.34 39,81 58.69 2-83 53.94 63.26

so, 340042 3.00 29.48 39935 55008 3921 49.79 60937

96o 3. 91 2055 26o66 35o15 49#65 4,01 43.06 56.25

106. 25-85 3e23 20.53 31.16 41.53 4.76 33-70 49.36

118. 190 30 13.22 25,39 30.79 4.77 22.94 38.64

1296. 6006 e.66 6.66 0.6 000 Ss8 .00 0.0 8.00

138. 6.60 6.60 600 0.90 8.00 . 0.0 0.000

146. 6.00 e.e 6.e 0.00 0.00 0.e 6.00 0.00
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Table 7. Continued

1 AZIMtUTH ANGLE 45. DEGREES

ALT. MEAN X SD, X 5T1 X 95TH X MEAN Y S*D* Y 5TH Y 95TH YI;
at 9*0e1 6.60 S.60 06 .600 0.0G Dos ob Bo

1. 33.67 2.38 29.16 36.98 33.22 2.13 29.72 36.73

20. 40.55 2.24 36.86 44.23 40.04 2.30 36.25 43.83

30, 44.82 2.57 4e.6, 49.34 44.69 2.46 4e.75 48.63

40. 47.55 3.27 42.16 52.93 46.88 2.41 42.91 56.84

50. 48.28 2.77 43.72 52.84 47.60 2.36 43.72 51.43

66. 48-07 2.33 44.24 51-90 47.51 2.24 43.83 .51.20

70. 46.75 2.48 42.68 56.83 46.29 2.36 42.51 56.38

8. 44.22 2.89 39.47 48.98 43.79 2.68 39.29 48.12

96. 40.@7 3.53 34o27 45.87 3947 3,22 34.07 44.66

Ic. 33.22 4.46 25.98 40.45 32.58 4.46 25.24 39.91

i10. 25.26 3.84 18.94 31.57 24.31 4.49 16.93 31.70

120o 0.00 360 0.66 3.60 6.66*0 ,0 00

140. S.0o 0.0s ..0 0.06 0.00 000 6.09 0.06

~D-59
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Table 7. Continued

AZIMUTH ANGLE 30. DEGFEES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D, Y 5TH Y 95TH Y

0 o. 8.00 3.00 0000 0.00 0000 0-00 0.0e 00

10. 37-63 2.48 33.55 41.70 23.83 5.07 15.50 32.17

20. 45.43 2.55 41.29 49.59 28.22 4.04 21.57 34.86

30. 50.33 2.69 45.91 54.75 31.40 4.57 23.88 38.92

43. 53.08 2.51 48.95 57.22 33.14 4.92 25.04 41.23

50. 54.2/. 2.48 50.17 58.32 33.52 4.58 25.98 41.05

60. 54.38 2.46 50.33 58.44 33.21 4.29 26.16 40.27

70. 52-77 2.82 48.13 57.40 32.26 4.14 25.42 39.01

83. 49.96 3.25 44.62 55.31 30.48 4.25 23.49 37148

90. 44.63 4.17 37.74 51.46 26.95 4.33 19.82 34.08

108. 36.47 5.64 27.19 45.76 21.65 4.50 14.25 29.06

11g. 28.30 5.92 18.27 37.74 17.20 4.17 10.34 24-05

120. 9.00 1.500 .00 9.00 0.00 0.00 3.00 0.00

130. 0-00 3.03 0.00 0.00 6.30 0.00 0.00 0.00

140. 0.00 000 .33 3.00 S.3 0.00 0.00 0.00
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Table 7. Continued

AZIMUTH ANGLE 15. DEGREEb

ALT. MEAN X SoD. X 5TH X 95TH X HEAN Y SoD. Y 5TH Y 95 Y

0. 1.00 0.00 0.0 .50 0 .5e *0 $..D B.. e 0 .0

10. 39.22 3.12 34.69 44.36 13.04 4.77 5.20 20.88

20. 46.51 2.86 41.80 51.22 14*90 3.59 899 2e.81

30. 51,69 2.85 47.01 56,37 1605 3.90 9.64 22.46

40. 54.48 2.51 50.34 58.61 16,50 3.98 9.95 23.05

50. 55.41 2.48 51.33 59.49 16.76 4.66 10.07 23.44

60. 55.59 2.60 51.31 59.87 16.81 3.99 10.25 23.37

70. 54.29 2.65 49.93 58.64 16.07 3,81 9.80 22.34

80. 51.25 3.25 45.91 56.59 14.79 3.87 8.41 21.16

90. 45.54 4.22 38.59 52.49 13.31 3.60 7.38 19.24

Is0 35.66 6.74 24.57 46.76 10*84 3.42 5.21 16.47

110. 26.11 6.51 15.41 36.82 891 3.71 2o81 15.02

120. 00.00 6.0 8.0 0.00 0.00 6.00 0.B 0.06

1 30. 0.00 00 600 0 00 0 00 0 .00 0.00 00

140. 0.00 0.00 000 5.060 0.60 0.00 8.00 0.00

,o ,:,D- 1 ....

... .. C..
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Table 7. Continued

AZIMUTH ANGLE e. DEGREES

11AALT. MEAN X S.D. X 5TH X 95TH X EAN Y S.D. Y 5TH Y 95THY

e. e~o oo 0 0.0 0 9. 00 .09 (a0

10. 39.90 A.12 33.12 46.67 1.13 0.20 .80 1.45

20. 44.46 3.58 38*57 50.34 1.18 0.39 0.53 1.82

30. 49.32 3.11 44.20 54.45 1*06 0.24 0.67 1.45

40. 52.03 2.86 47.32 56.74 1.2 0.29 * 55 1.49

50. 53.04 2.81 48e42 57.66 1.15 9.54 0.27 2.04

60. 53.16 2.93 48.34 57.99 1.37 0.82 002 2.72

79. 52.14 3903 47.16 57,12 1.24 0.35 0.65 1.82

80. 49.04 3.76 42.85 55.23 1.18 6.34 .62 1.73

90. 42.98 5.60 33.77 52*20 1.18 030 3,69 1.67

190. 31.76 9.31 16.44 47.98 Is47 0.38 9684 2.09

110. 15.25 19.35 1.23 35.28 1.46 9.24 1096 1.87

120- 16.63 900 16.63 16.63 1.37 0.00 1.37 1.37

t30. s.09 6.00 0.00 0.00 0.00 0.00 0.00 90

140. 0000 BOO BO 0000 BO00 0.90 000 0

D-6 2
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Table 7. Continued

AZI MUTH ANGLE -15. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.Do Y 5TH Y 95TH Y

0. f.00 0.06 0.00 s.e 0.60 6.60 e-00 e.20

1o. S.s S.s 0es 0600 o000 0000 ,.00 o .eo

26. 40.64 S.0S 40.04 46.04 9.69 0.O 9.69 9.69

30. 40.53 3.47 34.82 46.25 9.81 1.17 7.89 11.74

46. 4-0s07 4.19 37*18 50.96 11.27 I.86 8-21 14.33

58. 45.14 4.39 37.92 52.37 11.51 2.90 8.22 14.79

60. 45*57 4.74 37:78 53.36 11.39 1.94 8.28 14.59

76. 44*77 4*56 37o27 52o27 11.12 1.55 8.58 13.66

8. 41.52 5.12 33.11 49.94 19.10 2.86 6.72 13*49

90. 35.95 6.01 26.67 45.84 8.18. 2.34 4-33 12.904

100. 26.56 7.66 13.96 39.16 5.88 2.68 1.46 10.29

110. 32.65 goe6 32.65 32.05 7.97 6.0 7.97 7.97

120. .60 s.60 0.l0 0.00 0.00 9.0 0.00 000

139. 0.6s f0.e 00 .o6.0 0.06 0.06 0.06 0.20

146. 0.06 0.e0 f.g 0.e s.e S.00 0.00 0.00

D-63
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Table 7. Continued

AZIMUTH ANGLE -30. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y SD. Y 57H Y 95TH Y

S oso . 000 0.09 .00 o00 0.0 0.00 0.00

to 86. 0.00 5.56 21.6 3 90 0 00 0 .00 23.79

16. 1.! 62 .6 2.5 99 .A 2.6 171

2o. 0.0 s. 000 0.0 6.0 0.00 000 0.00

30, 31#27 4*62 23*68 38.86 17019 2-85 12#50 21*89.

1. 33677 4033 2664 4090 18677 313 1362 23-9t

so. 3468 465 27,03 42o33 1973 3.00 1480 2467

60 3482 A77 2698 4266 19.0 3o27 14052 25-27

70 34 *8 24o94 42-00 18,97 3,57 13909 24-84

Boo 30,09 5*56 21*64 39o95. 17o11 ,.. .,06 10,43. 23-79.

go. 25,92 5093 16s16 35o68 14008 4074. 6,29 21,67.

lee. 19,31 6923 906.. 29*55 .. ...90 4AG 2o66, 17o.14 .

Its.10 22083 2.57 18.69 27o66 11*68 21,#0 1*2

'140. 0,# g00 0 , 000 flo 6 01? 000 0.00 0,0 oc .00Th

D-64



Table 7. Concluded

AZIMUTH ANGLE -45. DEGREES

ALT- MEAN X S.D. X 5TH X 95TH X MEAN Y SoDo Y 5TH Y 95T' Y

. eo eo .oo oe .o oo ooe ..c

10. 0.00 e00 0.60 0.00 0.00 @.g 0.00 0.00

20. 2307 ,.00 2307 23.07 19.46 0.00 19.46 19.46

30. 23.00 4.10 16.26 29.74 26.14 4.32 13.03 27.25

40. 23.54 4.50 16.13 320.95 21.17 4.58 13.63 28.70

50. 23.50 4.89 15.45 31.54 21,03 5.00 12.81 29.25

60. 23.e3 5.53 13.92 32.13 29.2 5.61 11.39 29.86

70. 21.63 5.42 12.72 30.54 19,25 5.60 10.04 28.47

80. 20.03 5-21 11.47 28*59 17.26 5.65 7.96 26.56

90. 16.94 4.88 8.92 24.96 13.82 5.66 4.52 23.13

1t0. 12.72 4090 4.67 20.78 10.25 5.67 0.93 19.57

I110 9.98 8.6I -3.20 23.16 9.72 7.43 -2.50 21.94

120. 0.00 3.00 S.so 0.00 0.00 6.0s 0.00 0.00

130. 0.00 6.00 6.e0 6.00 06110 6.61 000 Oo 9000

140. 6.00 0.06 sees 0.00 p.s0 0.00 0600 0000

.'D
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Table 8. Summary Statistics for Unrestrained Females (cm)

AZiMIITH ANGLE 120. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95Th Y

0. 18.96 2.40 i5.62 22.90 39.09 2.86 34.4e 43.79

10. 25.33 2.57 21.89 29.56 45.80 4.79 37.91 53.66

20. 29.84 2.46 25.79 33.89 53.4e 4.69 46.66 60.13

3P. 32.34 2.26 28.63 36.96 57.74 3.52 51.95 63.52

4e. 33.88 2.39 29.94 37.81 60.67 3.49 54.92 66.41

5. 34.30 2.36 30.43 38.18 61.14 3.54 55.31 66.97

60. 34.33 2.58 30.69 38.57 61.08 3.77 54.87 67.2b

70. 33.19 2.82 28.55 37.83 58.93 4.05 52.28 65.59

80. 31.41 3.05 26.39 36.42 56.98 4.2b 49.84 63,12

90. 28.31 3.11 23o2g 33.42 51.27 4.70 03.54 59.00

ISO. 23.72 3.85 17.39 38.96 43.77 5.42 34.66 52.69

I99. 17.72 3.65 1.27 25.36 34.22 5.73 24.63 43-2

IPO. 14.24 4.80 6.34 22.14 26.36 5.63 17.16 35.62

130. Q.e Bose 9.9 16.20 8.09 0.90 9.0 0.60

140. 90.096 110 9.09 08 0.0 So0o 9.90 0.99 0.00
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Table 8. Continued

AZ1MUTH ANGLE 105. DEGREES

ALT. MIEAN X S.D. X 5TH x 95TH X MEAN Y S.D, Y 5TH Y 957n Y

. 10.91 1.16 9.0 12. 1 47.43 5.79 37.9k 56.96

I2' I? ii 9e 1.37 9.64 14.15 5e.59 5-04 42-30 56.67

Pp. 14.i., 1.29 12.34 16.57 59.98 4.36 52.62 67.15

30 . 15,73 1.29 13,66 17.90 65.i03 3.81 58.77 71.29

41. 1645 1.6 13.81 19.18 68.52 3.67 62.349 7455

59. 16.49 1.35 14.26 11-72 69.19 3.90 62.76 75.61

60. 16.41 1.13 14.56 11.27 69.04 4.26 62.12 75.95

70. 15.81 1.23 13.79 17.b3 66.79 4.12 6b.01 73.57

8F. 14.92 1.78 11.99 17.86 63.32 4.44 56.1 7i.63

90. 13.34 1.92 10.19 16.49 57.63 5.13 49.19 66.07

Ip.. 10.99 1.99 7.72 14.26 59.07 5.83 40.43 59.65

Ii. 8.05 2.25 4.34 11.76 38.21 6.60 27.34 49.07

12P. 6.14 2.47 2.7 12.21 28.55 6.47 17.99 39.20

130. 1.00 q.g 0.6 0.00 0.61 6.00 0.00 0.60

140. 0. -ee 0.60 B.e0 0.6 0.60 i.0 6.06 f.106

I. D-67



Table 8. Continued

AZIM!UTH ANGLE 9-. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

. 1.21 6.60 0.22 2.21 46.39 7.49 34.1e. 55.71

Jr. 1.47 0.73 O.P7 2.67 53.97 5.62 44.40 63.55

20. 1.41 0.53 0.53 2.28 63.11 5-14 54.65 71.56

30. 1.52 0.49 0.71 2.33 68.26 4.92 68.17 76.35

40. 1.78 So.71 0.62 2.94 71.62 4.72 63.54 79.39

50. 1.70 0.64 0.65 2.75 72.26 4.52 64.82 79.70

60. 1.5K 0.68 0.47 2.7e 72.18 4.51 64.76 79.59

70. 1.62 0.58 0.67 2.57 69.63 4.65 61.95 77.27

8r. 1.69 0.65 6.62 2.76 65.99 4.72 58.22 73.75

9l90. 1.,/' 6 .58 0.74 2.66 66.26 4.92 52.16 68.36

les. 2.00 1.1 1.34 3.66 52.03 5.97 42.21 61.55

l1e. ?.23 1.20 0.25 4.21 39.13 7.83 26.25 52.02

120. 2.67 0.47 1.90 3.43 30.4C 4.24 23.42 37.3b

130. 6.80 6.06 .00 0.00 mesa 0.00 0.00 0.00

14. 0.96 .0 6 6.00 0 00 0.so 8 .00 thes 6.0a



Table 8. Continued

AZIMUTH ANGLE 75. DEGPEES

ALT. MEAN X SD. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95Tm Y

P. 15.05 2.67 10,65 19.45 51.79 1005 35.26 63.31

1. 15.82 1.72 12.99 18.65 53.55 7.36 41.44 65.65

280 18,06 1-82 15,98 21,05 61,99b 5.95 52.19 71.76

31. 19.24 1.7e 16.44 22.03 66.79 5.17 56.29 75.29

20. 1998 1.52 1748 22.49 6976 572 62.10 77.52

50. 20.26 1.39 17,97 22,55 70-31 4.41 63.06 77.5b

60. 20.27 1.43 17.92 22.62 70.04 4.29 63.12 76.95

70. 19.68 1.46 17.28 22.98 67.59 4.32 60.47 74.70

80. 18081 1.62 16.14 21.47 64o3 4.66 56.37 71.69

90. 17.52 1.66 14.79 26o26 58.39 '5.01 59.15 66.64

100. 15.65 1.82 12.66 18.64 49.99 6.30 39.62 60.36

11. 13.08 2.49 9o12 17,04 37.90 8.90 24o75 51,86

129. 11.70 .,70 19.55 12o86 32.43 9.87 31.00 33.86

1120. see 17 0 .0 *0 se oo sls 00 o

13@. 0.00 6.09 B.9 0.00 6.90 9.9 9.9 S .es
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Table 8. Continued

AZIMITH ANGLE 60. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH I

m. 25.99 2.49 21.81 29.99 41.72 6.05 31.77 51.66

10. 28.93 3.11 23.81 34.85 46.98 4.67 39.29 54.66

20. 33.76 3.97 28.71 38.2 55.24 4.11 48.48 62.99

39. 36.4 0 .94 31.56 41.23 59.66 4.10 52.92 66*41

49. 37.83 2.67 33.43 42.22 62.97 4.14 55.26 68.t87

50, 35.1 2.46 34.96 42.15 62.74 4.00 56.16 69.31

60. 3902 2.46 33.97 42.97 62.81 4.37 55.62 70.0

79. 37.97 2.37 33.17 49.9 69.64 3.72 54.52 66.76

88. 35.48 2-53 31.33 39-64 57.25 4.91 59.66 63.84

99. 32.93 2,85 28.23 37.63 52.19 4.12 45.33 58.18

MI1. 28.85 3.89 22,69 35.19 44.63 5.55 35.59 53.76

lie. 22.48 4.15 13.65 29.31 33.12 6.6 9 21.92 44.31

120. 16.23 1.13 14.36 18.19 21.23 2.21 17.59 24.56

130. 9.9, 9.99 @oil@ 9.99 9.es Be.f) 9.00 .90

149. 19.90 9.99 see@ 9.99 s.es 94.40 9.99 1.99
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Table 8. Continued

AZIMUTH ANGLE 45. DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95TH Y

0. 42.44 0.6 42.44 42.64 41.73 .00, 41.73 41.73

If. 38.45 4.62 36.86 46.94 38.39 4.63 3.7t 45.99

Re. 45.76 5.47 36.76 54.76 45.37 5.87 35.71 55.63

3@. 49.36 4.89 41.46 57.26 48.49 6.69 38.62 58.36

46. 51.42 4.25 44.43 58.41 56.76 4.57 43.25 5d.27

S. 52.19 3.90 45.77 58.62 51.55 4.66 44.86 56.23

66. 52.69 3.72 45.97 55.21 51.23 3.82 44.95 57.51

70. 56.82 3.65 44.82 56.82 4971 3.51 43.94 55.49

8I. 48.87 3.89 42.47 55.26 47.31 3.51 41.53 53.69

96. 45.47 4.61 37.89 53.64 43.56 3.98 37.62 56.11

161. 38.67 6.32 27.67 48.47 36.51 4.0< 28.81 44.21

lie. 31.58 6.6 26.88 49.67 27.68 5.64 17.81 3636

12e. 25.69 3.77 18.89 31.29 21o82 3.15 16.63 27.6e

139-. 9.66 e.e 6.66 s.es 6.6 6.6 so.9 s.ee

149o sees gesE lose 900 soees 0090 e.e0 OoO
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Table 8. C.ontinued

IAZIMUTH ANGLE 310. DEGREES

ALTO. "TAN X S.D. X 51'! X 95Th X MEAN Y S.D. Y 5TH Y 95TH Y

2. 62-.78 372 56.67 68.89 17o54 16.62 -9.82 4d.bb

leo 49.79 16.44 32,61 66.96 26.79 8.2 13.60 39.99

2e. 57.19 8.73 42.74 71,45 31o55 8.68 17.30 45.87

36o 68.87 7.56 48.43 73.31 33.41 9.27 18.49 485.33

46, 62.82 7.11 51.13 74.51 34.20 9.25 1.98 49.42

53. 63.22 6.28 52.88 73.56 34.46 9.14 19.43 49.49

66. 62.77 5.65 53.48 72.36 34.36 8.93 19.68 49.25

78. 61.42 5.09 53.65 69.82 33.32 8.63 19.13 47.52

8. 59.33 4o79 51.45 67,22 31.74 8.41 17.91 45.56

98 55.62 5.22 46.43 63.6e 29.39 7.93 16o04 42.14

1o. 41.97 6.38 37.47 58.46 25.37 7.32 13.64 37.12

I I I. 38.27 4.91 30.22 46.34 22.89 6.7 9.77 3.41

129. 24.65 9.43 9.13 41.16 11.59 7.53 -8.79 23.97

138. .69 S.so s.6 2.60 2.03 0.2% 0.62 2.32

t143. 6.0 3.23 3.62 3.96P *.62 2.22F 2.2 2.20,e
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A! Table 8. Continued

AZIMUTH ANGLE 15o DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5Td Y 95T. Y

0. 793 0.40 69.38 78.68 9.68 12.61 -11.15 30.35

18* 53.99 9*92 36*?7 69,41 14.64 4.13 7.65 21.43

20. 60.96 7.72 48.26 73.66 16.66 4.44 9.35 23.97

30. 64.3P 6.67 53*32 75.27 17.52 4.36 18.34 24-69

40. 66.03 6.39 55.51 76.55 17.94 4.36 13.73 25.15

50. 66.57 6.26 56.27 76.87 17-84 4.36 18*67 25.88

69. 66.98 6.33 56.49 77.31 17*56 4.38 19.35 24.77

"r. 66.43 6.56 55.64 77.22 17.05 4.36 9.88 24.23

80. 64c99 6.98 53.51 76.48 16,31 4.28 9.27 23.34

99. 61.48 7.48 49.17 73.78 15.21 4.16 8.38 22.95

lee. 54.53 9.15 39.46 69.69 13o35 3o77 7.15 19,56

i1t. 42.24 19.92 25.76 58,72 19,39 3.51 '4.69 16.17

120. 32.39 8.23 18.85 45.92 6.93 4.11 -0.73 12.80

139. 9es, 9.9 go.9 g.60 s8e os 9.00 0.00

140. sees 9.99 g.9s 9.9s 0.99 0-9. 600 9.98 808
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Table 8. Continued

AZIMUTH ANGLE 0. DEGREES

ALT. MEAN X S.D. X 5TH X 951H X MEAN Y S.D. Y 5TH Y 95TH Y

It. 51.96 As47 44.61 59.31 100 0.06 090 1.10

1@. 52069 8.27 39.09 66.30 1.13 0.28 0.66 1.60

20. 60.44 7.35 48.34 72.53 2.02 4*30 -5.05 9.09

30. 63.70 5.97 53.88 73.53 2.6 4.50 -5.34 9.47

180. 65.0A 5.96 55.23 74.85 3.89 8.82 -1#.63 18.41!

50. 65.84 6.28 55,51 76.17 4.03 9.25 -11.19 19.25

60. 66.16 6.58 55,33 76.98 A.0A 9.41 -11.45 19.52

70. 65.67 6.40 55.15 76.20 4.07 9.37 -11.35 19.49

8. 63.78 7.10 52.11 75.45 .1.04 8.96 -10.70 18.78

96. 59.66 8.09 46.35 72.97 3.83 8.44 -10.06 17.71

1010, 51.72 9.61 35.91 67.52 3,63 7.37 -8.49 15.75

110. 36.70 12,42 16.93 56.46 3.59 6.46 -7.03 14.21

120. 23014 16.e -2.51 50.20 5.03 5.24 -3.58 13.65

13e- 0.00 0,#0 0,00 0-00 0.00 9.0 0O .00 0. 0f

130. es .00 9.00 1 0 0 0.0 @fe0:.0e 0 .0

I
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Table 8. Continued

AZIMUTH ANGLE -15. DEGREES
ALT- MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TH Y 95Th Y

16. 6.66 Bees Bo6e 6.609 6.00 0.0 0.00 s.bs

21. 53.74 6.53 43.0 61.49 13.07 2.46 9.13 17.02

30. 53.91 6.45 43.25 64.57 !Mi.38 1.94 1.19 17.57

46. 55.37 7.75 42.62 6.12 15.87 2.49 11.77 19.97

59. 56.49 5.16 43*16 69.52 15.63 3.63 9.05 21.01

66. 57.76 7.27 45.81 69.72 16.36 1.72 13.53 19.18

76. 57.92 6o63 48.630 67.84 17.612 5.65 7.72 26.32

8o. 56.83 5.38 47.98 65.68 16.68 6.82 5.47 27.89

196. 53.56 5.36 44.75 62.37 15.44 6.76 4.32 26.56

166. 46.72 6.46 36.16 57.34 13.37 6.53 2.63 24.12

136. 36.58 7o64 24.61 49.15 12.36 7.91 -6.66 25-36

326. 28.55 36.29 1.62 45.47 14.35 7.26 2.56 26.19

13t. 6.661 goes 3.66 6.66 6.60 6.6 0.00 Boe 0.00

143. 6.66 6.o6 6.66 3.660 s.60 s.e0 6.s6 0.00
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Table 8. Continued

AZIMUTH ANGLE -30, DEGREES

ALT. MEAN X S.D. X 5TH X 95TH X MEAN Y S.D. Y 5TA Y 9576 Y

1. 0.00 06.9 e.00 8. o 0,00 0.00 16, 00

IS-6 (logo 6060 8.88 g.68 6.8o08.20 0.00 006P

20. 37.99 2.07 34.59 41.39 24.34 2.69 19.91 28.76

30. 44.18 6.16 34.05 54.31 26.01 6.29 15.67 36.35

40. 47.18 5.68 37.51 56.86 27.98 5.58 18.79 37.16

59. 48.77 5.74 39.33 58.22 28.34 5.21 20.26 37.41

60. 49.88 5.59 48.68 59.07 29.34 4.97 21.16 37.53

76. 49.34 5.65 40.85 58.64 28.44 5.22 19.86 37.I3

86. 47.94 5.68 38.66 57.28 26.96 5.70 17.58 36.34

90 44.94 5.58 35.75 54.12 25.06 5.73 15.64 34,4b

16. 39.67 5.32 3093 48.42 22.77 3.80 16.53 29.01

110. 30.18 5.76 20.63 39.58 17.83 6.56 7.13 28.53

120. 27.12 6.97 15.67 38.56 19.83 13.38 -2-16 41.4

130. .88 8.08 6.6 80.60 0.00 .6 8.e 0.0

140, 6.8 8 .6 else 606 0.8 61 8 .0 0 .08 0.00
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Table 8. Concluded

AZIMTITH ANGLE -45. DEGREES

ALT. MEAN X SD. X 5TH X 95TH X MEAN Y S.D. Y 57H Y 95TH Y

I. g.sf. 6.6 e.g uoso 9.60 8.66 se 8.6

26. 30.65 3.91 24.23 37.06 31.62 3.98 25.68 38.16

36. 34.67 3.64 28.68 46.66 34.17 3.45 28.50 39.84

46. 37.19 3.76 31.0 43.38 37.61 3.46 31.31 42.71

56. 38.62 3.74 32.48 44.77 38.28 3.34 32.77 43.78

60. 39.66 371 33.56 45.6 38.81 3*14 33.65 43.9d

70. 39.12 3.59 33.22 45.02 37.87 3.34 3238 43.36

8. 38.26 4.01 31.66 44.87 3692E 3.53 36.47 42.69

96. 36@55 5.29 27.85 45.25 33.58 3.98 26.95 46.64

166. 31.62 4.72 23.86 39.37 28.88 4048 21.52 36.24

11. 23.56 4.68 15.87 31.26 21.02 4.83 13.06 28.97

120. 686 6.63 6.66 6.6e 6.66 6.66 6.66 0.66

130. 6.66 6.66 6.66 6.66 9. 6 el6. 06 . 0.006

146. 6.66 6.66 6.66 6.oo6 S.66 3.0 6.0 6.8
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U50th Percentile Figure 8. Reach Envelope for Restrained Males
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